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The  authority  for  this  investigation  is  contained  In  Project 
8-0T-10-U20  (formerly  8-07-O6-IO5  and  8-O7-06-OO5),  "Field  Fortifi¬ 
cations  and  Obstacles,"  and  in  a  letter,  ®®IP,  Chief  of  Bnslneers 
to  Commanding  Officer,  Engineer  Research  and  Developiaent  Ldboxu- 
torles,  22  April  1955>  subject,  "Integration  of  Havy  Project 
HY  3U0  032  -  AW  Protective  Shelters."  Copies  of  the  project  card 
and  letter  are  Included  as  i^cipendtx  A  to  this  reiort. 

This  Investigation  vaa  conducted  by  E.  P.  Leland,  Project  Engl 
neer,  under  the  siJ^rvision  of  R.  M.  Flynn,  Chief,  Fortifications 
Section,  Demolitions  and  Fortifications  Branch. 

A  glossary  of  terms  relating  to  the  subject  matter  is  included 
on  page  103* 
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This  report  covers  an  Investigation  into  the  design  of  emer¬ 
gency,  i.  e.,  improvised  or  hasty-type,  personnel  shelters.  Existing 
data  "vere  .'compiled, '  add  the  current  state  of  emergency  shelter  de¬ 
al^  was  analysed  with  particular  eniphasis  on  protection  against 
nuclear  weapons.  This  investigation  was  initiated  to  develop  data 
covering  a  field  in  whi<dx  there  was  a  definite  lack  of  information. 

It  was  partially  funded,  by  the  0.  S.  Navy  Bureau  of  Yards  and  Docks 
which  desired  information  in  the  field  of  emergency  shelters. 

The  data  incorporated,  into  the  report  were  extracted,  para¬ 
phrased,  or  condensed  from  reviewed  publications  or  were  obtained 
from  current  research  into  the  subject  of  field  fortifications. 

The  field  of  Investigation  was  broken  down  as  follows;  weapons 
effects,  shelter  design  conqonents,  and  types  of  shelters. 

This  report  concludes  that; 

a.  Weapons  effects  data  are  available  in  svifflcient  detail 
for  general  design  purposes  subject  to  the  limitations  set  forth  in 
the  following  conclusions. 

h.  Acceptable  limits  for  exposure  of  personnel  to  the  vari¬ 
ous  weapons  effects  remain  to  he  establlahed. 

c.  The  design  of  cover  support  or  framework  is  not  a  precise 
process  because  of  Insufficient  data  on  the  effect  of  eiuth  cover 
on  blast  forces  and  insufficient  data  on  the  design  of  structures 
against  dynamic  loads. 

d.  The  design  of  revetment  is  not  a  precise  process  because 
of  insufficient  data  on  the  transmission  of  shock  waves  through 
soil. 

« 

e.  Shelter  entrances  are  quite  vulnerable  and  therefore  Im¬ 
portant.  Their  design  merits  careful  attention. 

f.  There  Is  a  need  for  additional  data  on  minimum  esnentlal 
ventilation  x’equlred  for  shelters  where  extended  stay  times  ore 
Involved, 


g.  Optimum  protection  is  obtained  when  the  shelter  is  placed 
wholly  below  the  ground  surface., 

h.  The  attenuation  of  nuclear  radiation,  except  for  neutrons, 
is  sufficiently  understood  for  dtalgn  purposes.  Additional  data  are 
necessaxrj-  before  attenuation  of  neutrons  can  be  accurately  computed. 


1*  Ihe  desifia  of  aheltera  tor  fallout  p'otectlon  pre««nt»  m> 
problems  except  for  tbe  aforementioned  nfeed  for  additional  ventila¬ 
tion  data. 

J.  The  covered -trench  shelter  la  iiis  optimum  typa  of  shelter 
when  costa ^  construction  time,  and  protection  are  consldertidy  If 
soil  conditions  are  not  prohibitive. 

k.  When  special  shelter  designs  are  necessary  because  of  • 
weapons  effects  or  soil  condition,  the  idioUy  or  partially  bxnrled 
shelters  are  preferred. 
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I.  imoDOCTioBr 

1.  Subject,  ‘fhlrf  is  the  final  report  covering  aa  investiga¬ 
tion  into  the  design  of  en»ergency  personnel  shelters.  Existing 
literature  pertaining  to  eaiergency  shelters  and  weapon's  effects,  yas 
reviewed;  infoxmtion  on  design  and  performance  was  compiled;  and 
the  current  state  of  emergency  shelter  design  with  particular  em¬ 
phasis  on  protection  against  nuclear  weapons  was  analyzed. 

2.  Background  and  Previous  Invest igatlon.  This  investiga¬ 
tion  was  initiated  as  a  result  of  a  conference  at  Office  Chief  of 
Engineers  'between  representatives  of  OCE;  U.  S,  Army  Engineer  Re¬ 
search  and  Development  Laboratories,  and  U.  S.  Navy  Braeau  of  Yards 
and  Docks.  BuDocks  desired  that  USAESDL  collate  information  on 
emergency  personnel  shelters.  Future  planning  at  UBAERDL  included 
an  investigation  into  lii5)rovl3ed  personnel  shelter  design.  It  was 
decided  that  Peroolltlooe  and  Fortiflcatlcnjj  Branch  cf  USABRBL  would 
begin  a  project  on  emergency  shelters  which  would  be  partially 
funded  by  the  BuDocks  of  the  Navy.  A  description  of  this  confer¬ 
ence  along  with  a  request  for  a  project  plan  is  contained  in  a  let¬ 
ter,  ENGHP;  OCE  to  EEDL;  22  December  195^,  D\d)joot;  ''%ergeaoy 
Shelters  —  Suggested  Joint  Army-Navy  Action."  The  ]^o;|^Bed  plan 
of  the  project  ia  contained  in  a  1st.  Indorsement,  TEGRD  >K);  SRDL  to 
OCR,  17  January  1955#  same  subject.  Copies  of  the  letter  and  in¬ 
dorsement  appear  in  Appendix  B. 

Two  semi-annual  re^rts  were  submitted  previously.  These 
consisted  of  preliminary  data  on  weapons  effects  and  design  cri¬ 
teria  to  be  considered  and  bibliographies  of  all  renewed 
publications. 


II.  IHVESTICATION 

3,  Procedure .  During  the  tavestlgatlon,  publlcatloae  were 
reviewed  and  extracts  of  pertinent  material  were  made.  The  publlca. 
tlons  reviewed  were  obtained  from  the  Technical  Reference  Library 
and  the  Technical  Documents  Center  of  USAERDL  and  The  Engineer 
School  Library.  Through  the  foregolijg  eoui'ces,  publications  were 
also  obtained  from  the  Library  of  Cosgrsea  and  the  Arned  Services 
Technical  Information  Agency. 

The  data  Incorporated  into  this  section  of  the  report 
hove  been  extracted,  paraphrased,  or  condensed  from  the  reviewed 
publications.  In  addition,  data  available  from  research  currently 
being  conducted  on  field  fortificatlMm  have  been  incorporated  Into 
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the  report*  Many  of  the  piibliaations  were  classified  for  security 
purposes.  To  facilitate  dlssenilnatlon  of  the  Information. 
herein,  securlcy  classifications  In  the  report  are  identified  hy 
Individual  paragraphs.  Abhreviatlons  designating  the  particular 
securit;”  classification  are  placed  at  the  beginning  and  end  of  each 
paragranh  containing  classified  information.  A  ■bibliography  of 
ptibllcations  reviewed  and  considered  pertinent  to  this  investlga-  ■ 
tlon  la  Incltsded  at  the  end  of  the  report  (page  95).  Specific 
sources  of  information  incorporated  into  this  report  are  cited  by  a 
nuT'bered  reference  which  refers  to  the  corresponding  number  in  a 
list  of  references  also  Included  at  the  end  of  the  report  (page  91) . 
References  are  listed  in  numerical  order  according  to  the  order  In 
which  the  reference  is  first  cited.  Statements  mede  in  referenced 
paragraphs  are  the  cpinions  and  conclusions  of  the  author  of  the 
referenced  document  and  are  not  to  be  construed  as  being  necessar¬ 
ily  those  of  the  author  of  this  report. 

U.  Weapons  Effects.  At  the  present  time,  there  sure  four 
weapons  against  which  a  shelter  should  protect.  These  are  high  ex¬ 
plosive  (3,  E.),  nuclear,  chemical,  and  biological  weapons.  These 
weapons  have  many  individual  effects  which  must  be  handled  separate¬ 
ly  in  shelter  design.  The  Individual  effects  of  each  weapon  will  be 
considered  in  the  succeeding  paiagruphs. 

H .  E .  Weapons .  The  effects  of  H.  E.  shells  and  bonSb# 
v.nn  be  sepora  d  into  two  components  as  follows: 

(1)  Blast.  Blast  la  the  major  effect  of  an  H.  E. 
explosion.  On  detonation,  the  explosive  charge  of  a  shell  or 
bomib  ■'.0  ^..onverted  into  a  gas  wf  very  high  px^ssure  and  temper¬ 
ature.  The  shock  front  .oniied  by  expansion  of  the  gas  propa¬ 
gates  with  velocity  which  is  InitleOly  much  higher  than  that 
of  sound;  after  a  distance,  the  velocity  decreases  rapidly 
toward  sound  velocity  as  the  pr'Sbure  becomes  smaller.  This 
loss  in  velocity  is  generally  much  more  rapid  than  the  slowing 
do>fn  of  tnc  Domb  fragments;  therefore,  the  shock  front  follows 
behind  the  movement  of  fragnante.  The  blast  wave  Initially 
conoloto  of  two  phaoca,  poprtl.'e  and  negative.  The  positive 
phase  of  high  pressure  and  short  f^'a’aHoo  is  Immediately  fol¬ 
lowed  by  the  negative  or  "suction"  p{«.Be  of  less  Intensity  and 
longer  dui'atlon  (l). 

Previous  experience  la  the  design  of  shelters, 
except  for  structures  of  oti^ateglc  Impcrtance,  hrs  indicated 
that  it  Is  both  unnecessary  and  uneconomical  to  provide  boaib- 
ivialptant  protection.  The  protect;  '  necessary  wac  considered 
to  be  defense  against  blast  and  fragments  of  a  bomb  of  speci¬ 
fied  size  detonating  at  a  noraliai  d's^ce.  An  economical  de¬ 
gree  of  protection  has  been  established  on  the  basis  of  a  500-lb, 


GP  (gesexal  purpose)  'boB&>  detoo&tios  «t  a>  diatimce  of  &&  £t. 

(L)* 

(2)  Fragmentation.  Fragmentation  of  the  tomb  or 
shell  case  causes  thousands  of  sharp-edged  fragments  to  he 
projected  radially  in  all  directions  from  the  detonation  at 
velocities  of  from  4000  to  7000  ft  per  second.  These  frag¬ 
ments  will  cause  conaiderahle  structural  damage  In  the  Isanedl- 
ate  vlctni^  of  the  explosion  and  can  cause  fatalities  up  to 
several  h3sdred  yards.  Maximum  fragmentation  results  from 
hombs  detooating  In  air;  fragmentation  is  much  reduced  for 
bonibB  detonating  a  few  feet  underground.  Air  resistance  to 
Irregular  shapes  of  fragments  causes  velocity  of  the  fragpsenta 
to  decrease  rapidly  as  distance  Increases  (l). 

In  many  cases,  the  type  and  strategic  loportenoe 
of  a  structure,  Its  small  size,  or  its  distance  from  a  larger 
or  more  Is^rtant  structure  make  it  both  unnecessary  and  un- 
econoniical  to  provide  bomb-resistant  protection  for  the  per¬ 
sonnel  in  the  stn  ture .  In  such  oases,  consideration  is  only 
-  given  to  the  lateral  and  overhead  protection  of  personnel, 
equipment,  and  structural  elements  against  blast  and  splinters 
of  a  bosh  of  specified  size  detonating  at  a  nominal  distance 
from  a  protective  structure.  An  economical  degree  of  protec¬ 
tion  has  in  the  past  been  generally  eBtdbllshed  on  the  basis  of 
a  500-lb,  ®  bonib  detonating  at  a  distance  of  25  ft* 
thicknesses  of  material  resulting  from  this  criterion  permit 
good  construction  praotloe  and  maxlmua  structural  stability 
vlth  ralnlnan  materials  (1). 

b.  Huclear  Weapons.  The  major  problems  In  the  design 
of  Improvised  shelters  stem  from  the  effects  of  atomic  or  nuclear 
veapone.  These  effects  are  considered  individually  in  the  auaceed- 
iog  paragrapha. 

(1)  Blast.  An  atoalo  explosion  attains  very  high 
temperatures  causing  complete  vaporization  of  the  products  of 
explosion.  Very  hot  gases  are  Initially  formed  at  very  high 
presevupcs.  Bcduction  of  these  high  pressures  la  attained  by 
expansion  of  the  hot  gases  which  Initiates  a  pressure  wave  in 
the  surroaadlng  nsedlum.  This  pressure  wave  Is  the  so-called 
blast  or  shock  wave.  One  lo^rtant  characteristic  of  this 
blast  wave  Is  the  shock  front.  The  shock  front  is  formed  by 
successive  pressure  waves  following  the  initial  one.  The  suc¬ 
cessive  waves  move  through  a  region  of  higher  temperature,  and 
since  velocity  of  the  wave  Increases  with  temperature,  they 
eventually  catch  up  with  the  initial  wave  and  form  the  shock 
front.  The  shock  wave  is  the  principal  cause  of  property  dam¬ 
age.  The  essential  features  of  a  shock  wave  are  an  abr^upt  rise 
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ot  pressure,  fblloved  “by  a,  gradual^,. decreasing  preasttre,  and 
then  a  suction  phase  characterized  Iby  a  decrease  of  pressoco 
helov  atmospheric.  Another  Important  diaraeteristle  of  tdaat 
naves  Is  wind  drag.  The  blast  vave  from  an  atomic  explosion 
is  acconpenied  by  an  Intense  vlnd  that  blows  thzot]£piout  the 
positive  and  negative  phases,  reversing  Its  direction  at  the 
start  of  the  negative  phase .  In  Ihe  case  of  blast  waves  of 
long  duration,  these  winds  produce  a  force  on  the  structure 
for  a  relatively  long  time  after  the  shock  front  has  passed. 

From  observations  made  with  conventional  H.  B. 
bombs,  It  appeared  that  peak  overpressures  of  about  200  to  300 
psi  would  he  necessary  to  cause  death  In  human  beings  by  the 
direct  affect  of  blast  and  that  perhaps  8  psi  would  produce 
Injury.  However,  these  conclusions  do  not  apxdy  to  the  situs* 
tlon  accompanying  a  nuclear  e^iploslon.  In  addition  to  the 
peak  blast  overpressure,  the  rate  of  rise  of  pressure  and  the 
duration  of  the  positive  phase  have  important  Influence  (2). 

The  air  blast  oveipressxire  required  to  cause 
x^ipture  of  eardrums  appears  to  be  highly  dependent  on  olrcum- 
sl^ces.  Several  observations  indicate  the  minimum  overpres* 
sure  Is  In  the  range  from  10  to  15  pal,  but  both  lover  and 
higher  values  have  been  reported  (2 )  •  ■.  .  .  > 

Peak  overpressures  of  various  Intenil^i'ei'M 
related  to  distance  from  ground  zero  below  a  lyploal  air  burat 
for  various  size  nuclear  weapons  are  given  in  l^le  I. 

Table  I.  Distances  from  Ground  Zero  (MUes)  for 
Various  Peak  Overpressures  (2) 


peak'^e’^resB^ 

Veapon  10  15  20  85  ^  5d» 


1 

KT 

0.235 

O.lha 

0.096 

0.072 

0.056 

0.036 

0.026 

10 

KT 

0.507 

0.308 

0.212 

0.155 

0.121 

0.080 

0.058 

25 

KT 

0.686 

O.U16 

0.286 

0.210 

0.164 

0.103 

0.079 

50 

KT 

0.865 

0.524 

0.354 

0.265 

0.206 

0,136 

0,099 

100 

KT 

1.09 

0.66 

O.45U 

0.334 

0.2360 

0,17a 

0,125 

I 

KT 

2.35 

1.42 

o.srr 

0.72 

0.56 

0.^ 

0.26 

10 

MT 

5.07 

3.08 

2.12 

1.55 

1.21 

0.80 

0.58 

100 

MF 

10.90 

6.60 

4.54 

3.34 

2.60 

1.72 

1.25 

sons:  These  are  typical  air  burets. 
*  These  distances  are  extrapolated. 


Drag  (or  vljd;  presaore  can  cause  tranalatton  of 
-Oie  liodjr  as  a  idiole.  The  resulting  Injmy  vUl  depezid  oa  teaaj 
circumstances}  the  most  obvious  of  these  are  the  speed  at 
idilch  the  body  moves  >  Its  acceleration  and  deceleration^  the 
object  It  strikes,  and  the  part  of  the  body  receiving  Is^ct. 
The  translational  force,  vhlch  determines  the  rate  of  movement, 
vlll  be  greatly  influenced  by  the  frontal  surface  of  the  body 
exposed  to  the  blast  wind.  A  person  lying  In  a  prone  position 
will,  for  exao^le,  be  much  less  affected  than  a  person  standing 
vs  (2). 

Drag  force  Is  generally  dependent  on  the  peak 
value  of  dynamic  pressure  and  its  duration.  Some  Indication 
of  the  corresponding  values  of  peak  overpressure,  peak  dynamic 
pressure,  and  maximum  blast  wind  velocities  in  air  at  sea 
level  are  given  in  Table  II*  Dyxuualc  pressure  is  seen  to  de¬ 
crease  more  rapidly  than  does  overpressure  (2). 


Table  II.  Overpressure,  Dynamic  Pressure,  and  Wind  Velocity 

In  Air  at  Sea  Level 


Peak  Overpressure  Peak  Dynamic  Pressure  Msotimum  Wind  Velocity 
psi _ _ psi _ mph 


Duration  of  blest  waves  from  nuclear  weapons  In 
the  megaton  range  will  be  several  seccndo .  It  is  possible 
that  drag  forces  from  megaton  weapons  may  cause  damage  In  ex¬ 
cess  of  that  which  would  be  caused  by  comparable  overpressures 
from  small  yield  weapons}  e.  g.,  a  drag -type  structure  may  be 
e<).ually  damaged  by  a  204Ct\veapoc  at  an  overpressure  level  ap¬ 
proximately  ^  percent  of  that  of  a  20‘-KT  weapon  (3). 

Personnel  can  be  injured  in  two  ways  by  blast, 
directly  or  Indirectly.  Direct  injury  is  due  to  the  charac¬ 
teristics  of  the  wave  Itself  acting  on  the  human  body.  In¬ 
direct  injury  is  due  to  forel^  objects  encountering  the  body. 
Design  of  a  personnel  shelter  against  blast  presents  two  prob¬ 
lems,  providing  sufficient  strength  In  the  shelter  to  prevent 
collapse  and  preventing  the  entrance  of  a  blast  wave  of  suffi¬ 
cient  intensity  to  cause  injury  to  personnel. 


,  I 
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(C)  AUovftble  l>last  presaureff-vlthln  dleltera 
depend  on  the  characteristics  of  the  hlast  vave.  These  te- 
clude  such  Itenis  as  peak  overpressxire ,  duration  of  positive 
phase,  and  rate  cf  pressure  rise.  Experience  previoiw  to  the 
atonsic  honib  indicated  that  the  human  body  was  capable  of  with¬ 
standing  over  200  psi  of  static  overpressure  wii^xout  fatality) 
however,  d\iration8  were  not  considered.  Tests  conducted  on 
dogs  showed  a  fatality  pressure  of  2l6  psi  for  1.6  milliseconds 
of  static  overpressure  duration,  but  for  11.8  miHlseconds,  the 
fatal  pressure  was  only  76  psi.  After  the  first  atomic  eaqplo- 
slon,  one  source  (h)  suggested  a  fatal  overpressure  of  35  pol* 
for  humans.  Further  tests  have  indicated  that  this  figure 
could  be  considerably  lover  (5).  fhe  same  source  mentions  the 
problem  of  reflection  within  the  shelter  proper  ^ich  gives  an 
effect  of  multiple  pulses  of  the  blast  pressure  wave  with  an 
Increased  total  duration.  Within  the  shelter  proper,  another 
problem  to  be  considered  is  the  effects  of  winds  that  possess 
a  translational  force  and  are  capable  of  causing  indirect  dam¬ 
age.  Body  damage  is  not  only  related  to  preostire  characteris¬ 
tics  but  also  to  the  geometry  of  the  shelter  (5).  (C) 


(C)  As  previously  pointed  out,  the  rate  of 
pressure  rise  la  one  of  the  significant  parameters.  Table  III 
sets  forth  a  tentative  statement  of  conditions  fbr  step-wise 
pressure  loadings  within  shelters  (5)«  (C) 

Table  III.  Step-Wise  Pressure  Loadings 
within  a  Shelter  (Tentative) (C) 


tiaxlmal  Xncreaenial 
Pressure  Rise 
. (pal)  . . -  - 

Average  Rate  of  Rise  of 
Incremental  Pressxire 
(pal/fflsec) 

Safe 

<5 

<0.30 

Quest ionsble 

5-10 

0.30  -  0.50 

Domaging 

>10 

>0.50 

I  The  above  table  ignores  the  maximum  pressure  and  the  time  be- 

'  tween  aucceoelve  pulses .  This  some  source  (5)  brings  out  four 

[  Items  to  be  considered  In  tlie  design  of  open  sholters  against 

I  blast.  These  are  (a)  pressure  differential  applied  and  how 

I  this  varies  with  tiiae,  (b)  alr-oeterlng  characteristics  of  the 

!  entry  system,  (c)  internal  volume  of  the  shelter,  and  (d)  acous- 

•  tic  characteriotlCH  of  the  interior  of  the  shelter.  The  entry 

I  iray  controls,  by  throttling,  the  rote  of  filling  of  the  shelter. 

!:  Other  things  being  constant,  the  larger  the  shelter  volume  and 

I  the  more  restricted  the  entry  way,  the  lower  and  slower  will  be 
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tbye  Incremental  rises  in  intenuil  pressure.  Aaoustic  propeiv 
ties  of  the  shelter  vlU  affect  qnallt;f  of  the  reflections 
from  the  Interior  surfaces  (5)»  (C) 

Generally  speaking,  there  are  two  types  of  mlll- 
taiy  structuies.  These  are  the  diffraction -type  and  drag-type. 

The  diffraction-type  is  a  structure  vhich  is  almost  completely 
closed  with  a  hlast-resistant  covering.  The  drag-type  is  a 
structure  which  is  essentially  open  or  which  has  ll^t,  xion- 
blast-reslstant  covering.  Ihere  are  structures  that  fall  be¬ 
tween  these  two  extremes,  e.  g.,  ones  that  are  partially  open 
or  have  partially  resistant  covering.  A  vehicle  and  a  steel 
bridge  are  exas^les  of  drag-type  structxireB  ^lle  a  windowless 
warehouse  la  an  exaii5>le  of  a  diffraction-type  structure,  A 
building  with  openings  greater  than  50  percent  of  the  wall  area 
is  considered  to  be  a  drag-type  building,  \diile  a  building  with 
openings  less  than  5  percent  of  the  wall  area  is  a  diffraction- 
type  building.  A  personnel  shelter,  blast  entry  being  under  Ir- 
able,  should  be  a  diffraction-type  structure.  Since  blast 
enters  a  drag-type  building,  it  is  subject  to  wind  drag  and  is 
greatly  affected  by  duration  of  the  blast  wave.  For  a  diffrac¬ 
tion -type  building,  critical  blast  factor  is  peak  over¬ 
pressure  (6).  ‘ 

(a)  Thermal.  An  atomic  explosion  attains  ve«y  high 
temperatures,  ei^ttlng  a  large  amount  of  thexmal  energy  capa¬ 
ble  of  bumi^  personnel  and  combustibSe  materials .  Thermal 
rays  have  a  long  effective  range  and  are  emitted  very  fast. 
Protection  against  them  is  not  difficult  because  they  travel 
in  straight  lines.  The  unit  of  naasurement  of  thermal  radia¬ 
tion  is  the  total  energy  in  calorics  delivered  to  an  area  of 
1  square  centimeter.  ’Ste  primary  defense  against  thermal  rays 
is  avoidance  of  direct  exposure  of  personnel  or  eoidSustible 
material.  Penetration  of  thermal  rays  is  very  low;  for  this 
taason,  protective  layers  can  be  quite  thin  (h). 

The  letlial  minimum  amount  of  thermal  xidiatlon 
is  not  defined  exactly.  One  source  (4)  gives  a  iiioderat<rbum 
intensity  of  3  cal/car  and  a  slight  bium  intensity  of  a  oal/cm®. 
Another  source  (7)  gives  three  ranges  of  therosl  intensity  as 
follows:  severe  damage,  10  cal/cm”;  moderate  damage,  5  cal/cm®; 
light  damage,  2  cal/cm2.  The  preceding  degrees  of  damage  refer 
to  troops  in  the  open.  A  third  source  (8)  gives  damage  Inten¬ 
sities  as  follows:  a-3  cal/cm®  for  first-degree  bums,  3-4  eal/cmr 
for  second -degree  bums,  8-10  col/cm®  for  third-degree  burns. 

At  one  time,  It  was  tliought  the  amount  of  ther¬ 
mal  radiation  received  per  unit  area  of  exposed  material  at  a 
spooified  distance  from  a  nuclear  explooioo  depended  markedly 


CONFIDENTIAL 


on  atoospherle  TtalbUl-^.  It  appears  tdiat  within  vide  llidts^ 
however,  such  la  not  the  case.  The  reason  for  this  >  at  first 
unexpected  -  effect  Is  that  the  thermal  radiation  received  at  a 
given  point  at  a  distance  from  a  nuclear  explosion  Is  made  up 
of  both  stral^t-llne  (unscattered)  ^d  scattered  radiation. 

If  the  air  Is  clear,  the  radiation  received  Is  essentially  only 
that  tdilch  has  heen  transmitted  directly  from  the  exploding 
bomb  without  scattering.  If  the  air  Is  lightly  hazy,  the 
amount  of  radiation  transmitted  directly  will  he  less  than  In 
a  clear  atmos^ere.  However,  this  decrease  Is  largely  cootpen* 
sated  by  an  Increase  in  scattered  radiation.  It  should  be 
noted  that  this  general  conclusion  will  apply  only  If  the  at- 
Dusphere  Is  reasonably  clear,  1.  e..  In  the  absence  of  rain, 
fog,  or  dense  industrial  haze  (2) . 

A  shield  which  merely  intervenes  between  a  given 
target  and  the  ball  of  fire  but  does  not  sxucround  the  target 
may  not  be  entirely  effective  \inder  hazy  atmospheric  conditions. 
A  large  proportion  of  the  thermal  radiation  received,  espeolELUy 
at  considerable  distances  from  the  explosion,  has  undergone 
scattering  and  will  arrive  from  all  directions,  not  merely  from 
the  point  of  burst.  Ihls  situation  should  be  tome  in  mind  in 
connection  with  the  problem  of  thermal  radiation  shielding  (2). 

Bums,  irrespective  of  their  cause,  are  general¬ 
ly  Classified  according  to  their  severity  In  terms  of  the  de¬ 
gree  (or  depth)  of  the  injury.  In  first-degree  bimia,  of  which 
moderate  sunburn  is  an  example,  there  Is  only  redness  of  the 
skin.  Second-degree  bums  axe  deeper  and  more  severe  and  are 
characterized  by  the  formation  of  blisters.  In  third-degree 
bums,  the  full  thickness  of  the  skin  Is  destroyed  (2). 


Ibe  thermal  energy  necessary  to  cause  bums  of 
various  types  varies  with  the  total  energy  yield.  A  conparlson 
of  necessary  energies  is  contained  in  Table  IV  (2) . 

Table  XV.  Approxlxoate  Thermal  Energies  He<tuired  to  Cause 
Skin  Bums  In  Air  or  Surface  Burst  (2) 


Energy 
Yield 


,  _ Theraa 

First  Degree  Second  Degree  “  ^ilrd  Degree 


6 


1  KT 


2 


Ihersal  energlee  of  raxious  itttensltlea,  as  xe» 
lated  to  dleta&ce  fttm  explosion  for  various  size  nuclear  veeq^ 
ons  are  given  In  Ttible  V. 

Table  V.  Slant  Range  (Miles)  from  Explosion  for 
Various  Booib  and  Thermal  Energies  (2) 


tfeapon  Thermal  Energies  (cal/aq  cmT 


2 

4 

6 

10 

25 

50 

1  KX 

0.68 

0.51 

0.42 

0.33 

0.23 

0.l6 

0.11 

0.03 

10  KT 

1.90 

l.lf? 

1.20 

0.93 

0.6o 

0.45 

0.33 

o.u 

0.03 

25  KT 

3.0 

2.1 

1.7 

1.45 

0.93 

0.68 

0.51 

0.17 

0.05 

50  KT 

4,1 

3.0 

2.6 

1.9 

1.3 

0.93 

0.68 

0.24 

0.07 

100  KT 

5.6 

4.1 

3.4 

2.7 

1.7 

1.3 

0.93 

0.33 

o.u 

1  MT 

i6,5 

11.5 

9.7 

7.6 

5.0 

3.6 

3.7 

0.93 

0.33 

10  MT 

«p 

m 

30 

33 

14 

U 

7.6 

3.7 

0.93 

100  tfP 

m 

m 

«p 

33 

7.6 

3-7 

fiOTE:  Visibility  of  2  to  $0  miles  air  burst. 


Protection  against  thermal  radiation  requires 
non -direct  exposure;  however,  thermal  rays  can  be  reflected 
and  still  cause  dam^e.  The  quantity  reflected  depends  on  the 
reflecting  material. 

Xt  has  been  estimated  that  reflection  as  high 
as  10  tc  15  percent  is  possible  (9).  On  that  basis,  generally, 
two  reflections  are  considered  sufficient  to  reduce  the  thermal 
rays  to  a  negligible  quantity  (lO).  A  British  source  (U)  re¬ 
ports  negligible  reflection  of  thonasl  rays  by  soil,  ^flection 
of  thermal  rays  by  Nevada  sond  has  been  reported  as  l<»i;  more¬ 
over,  It  is  considered  possible  that  the  small  amount  of  thermal 
energy  measured  was  not  reflected  thermal  radiation  but  instead 
woe  heated  air  (12). 

During  a  test  on  a  Federal  Civil  Defense  Admini¬ 
stration  (PCDA)  shelter  located  at  close  range,  peculiar  ther¬ 
mal  effects  were  reported.  The  shelter  possessed  an  entrance 
containing  two  rlght-atjgle  turns,  but  thermal  effects  were  ob¬ 
served  within  the  shelter  proper.  The  fur  of  experimental  ani¬ 
mals  placed  in  the  shelter  was  singed.  Animals  In  cages  which 
were  barely  larger  than  the  animals  themselves  were  singed  pos¬ 
sibly  because  the  fur  projected  between  the  bars  of  the  cagea. 
Other  animals  in  larger  cages  were  not  singed  when  there  was  no 
fur  projection  between  the  bars.  It  was  believed  that  the 
singeing  was  caused  by  heated  elr.  Cooling  of  the  heated  air 
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hy  contact  with  the  'bara  of  tbe  cagea  vas  the  esqtlanation.  fox: 
the  xton-elBgeiog  of  for  tn  the  larger  cages.  This  indicates 
that  even  thou^fh  the3cinal  radiation  nay  he  reduced  to  a  Degll« 
gible  quantity  by  auccesslve  reflections,  personnel  may  be  In¬ 
jured  by  heated  air  in  open  shelters  (13). 

(3)  Gamma  Rays .  Qamma  rays  are  one  of  the  major 
emissions  of  nuclear  veapons.  The  energy  of  gamma  rays  from  . 
an  atomic  bomb  varies.  Attenuation  of  gamma  rays  varies  with 
their  energy.  The  average  energy  of  gamma  rays  from  a  20-KT 
bomb  at  distances  greater  than  3>000  ft  Is  about  3  (^)« 

The  average  energy  of  ganma  radiation  from  a 
nuclear  explosion  is  4.5  Mev.  The  effects  of  varying  intensi¬ 
ties  of  acute  radiation  doses  are  contained  In  Table  VI  (2). 

Table  VI.  Effects  of  Pron^t  Whole -Body 
Gamma  Badiation  Doses  (2) 


Prompt  Dose  (r) 

Probable  Effect 

0  to  50 

No  obvious  effect,  exet^pt  possible  minor  blood 
changes . 

50  to  375 

Sonie  olchness  la  personnel,  varying  from  1  per¬ 
cent  for  50r  to  100  percent  for  375r. 

200  to  750 

Some  deaths  in  personnel,  varying  from  1  per¬ 
cent  for  200r  to  100  pei’cent  for  750r* 

225 

Fifty  percent  of  personnel  are  sick. 

U50 

Fifty  percent  of  personnsl  die. 

HOiB;  Prompt  doses  are  delivered  In  c  matter  of  minutes  as  dis¬ 
tinguished  from  fallout  which  may  be  delivered  over  sever&l 
days. 


Gamma  rays  are  attenuated  with  depth  Into  mate¬ 
rials.  The  amount  of  attenuation  varies  approximately  with 
mterlal  density.  Katcrlalo  such  as  earthy  coucrete,  and  metal 
are  very  effective  in  attenuating  gama  raya. 

The  delivery  time  of  lauoodlate  gansBa  radiation 
in  the  range  of  a  20-KT  weapon  Is  very  short.  Since  50  percent 
of  the  dose  Is  delivered  within  the  first  0.5  second  and  90  per¬ 
cent  within  the  first  second,  there  la  very  little  time  for 


pereoonel  to  seek  eholter  fkon  gassoft  radiatlcm.  tameAlatejiy 
after  the  ei^ploaion* 

The  delivery  time  of  immediate  gamma  radiation 
in  the  megaton  range  of  atomic  veapoas  is  considerably  longer. 
A  5-Mr  weapon  delivers  50  percent  of  the  dose  within  the  first 
5  seconds  and  90  percent  within  the  first  10  seconds  (2). 

Seeking  protection  against  gamma  rays  after  the 
explosion  of  this  size  weapon  is  a  distinct  possibility.  Gamma 
radiation  is  a  very  important  effect  of  weapons  in  the  kiloton 
range]  however,  recent  data  Indicate  that  gamma  rays  from  a 
megaton  weapon  are  a  problem  only  where  blast  pressures  and 
thermal  energies  are  already  very  high. 

Gamma  radiation  of  various  intensities,  as  re¬ 
lated  to  distance  from  explosion  for  various  size  nuclear  weap¬ 
ons  are  given  in  Table  VII. 

Table  VII.  Slant  Range  (Miles)  from  Explosion  for 
Various  Bomb  Yields  and  Owtms  Ray  XSoses  (2)  '  - 


. . .  '  '  "  GammlRay  Doses  '(rl 


100 

306 

1000 

3000 

10,000 

100,000 

1  KT 

0.4a 

0.32 

0.23 

0^15. 

0.08 

10  KT 

0.83 

o.to 

0.55 

O.U3 

0.33 

0.18 

25  KT 

0.95 

0.80 

0.65 

0.52 

^  oM 

0.22 

50  KT 

1,06 

0.92 

0.76 

0.62 

oM 

0.S8 

100  KT 

1.22 

1.05 

0.08 

O.7U 

0.59 

0.35 

1  MT 

l.TT 

1.5T 

1.30 

1.2U 

1.05 

0.74 

10  MT 

2.55 

2.28 

2.00 

1.80 

1.60 

1.23 

Hentrona .  Neutrons  are  one  of  the  major  emis¬ 
sions  of  atomic  weapons .  They  are  measured  over  various  energy 
regions.  The  unit' of  measux'cment  is  the  number  of  neutrons  per 
square  centimeter.  According  to  one  source  (U),  th«  energy 
range  of  neutrons  con  be  broken  down  Into  three  fields  for 
aeasui'ciaent.  The  first  of  these,  the  so-called  **faot"  neutrons 
have  energies  In  excess  of  3  Mev.  The  energy  range  of  the  so- 
called  "slow'*  neutrons  is  somewhat  uncertain,  bat  It  Is  proba¬ 
ble  that  It  is  around  0.2  ev.  The  energy  range  of  the  Inter- 
laedlatc  i*aage  group  is  fixMO  about  0.2  ev  to  3  Kev  (4). 


The  accepted  unit  of  mcasuretaent  of  the  Inten¬ 
sity  of  neutrons  is  tl;e  "roentgen  equivalent  massal"  or  rcm. 
One  rea  of  neutrons  is  equlvaleat  in  biological  effect  to  one 
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roentgen  of  gamma  radiation.  Therefore,  the  Intensity  of  neu¬ 
trons  for  shelter  design  purposes  Is  measured  In  reca.  Neutron 
radiation  of  various  intensities,  as  related  to  distance  from 
ejqplosion  for  various  size  nuclear  weapons  are  given  in  Table 
VIII  (2).  Con^arlson  of  this  table  with  Table  VII  shows  that 
for  weapons  of  10  KT  or  less,  the  neutron  intensity  Is  greater 
than  the  gsunma  Intensity  and  at  distances  where  there  are  high 
intensities,  the  neutron  quantity  is  greater  for  100  K3?  or  less. 

Table  VIII,  Slant  Range  (Miles)  from  Explosion  • 
for  Various  Bomb  Yields  and  Neutron  Doses 


Weapon 

Neutron  Doses  (rem) 

100 

300 

1000 

•  3000 

10,000 

100.000 

1  KT 

0.60 

0.50 

o.Uo 

0.32 

0.225 

0.08* 

10  KT 

0.82 

0.71 

0.60 

0.50 

0.40 

0.225 

25  KT 

0.92 

0.79 

0.69 

0.58 

0.48 

0.29 

50  KP 

0.99 

0.87 

0.75 

0.65 

0.54 

0.34 

100  KT 

1.06 

0.9^ 

0.82 

0.71 

0.60 

0.40 

1  MP 

1.32 

1.20 

1.06 

O.9U 

0.82 

0.60 

10  MT 

1.60 

1.45 

1.32 

1.20 

,  1.06 

0.8a 

♦  Estimated  distance  by  extrapolation. 


Ibe  number  of  neutrons  generally  accepted  as 
lethal  la  5  X  10^^  per  squau’e  centimeter  for  slow  neutrons  and 
10^^  for  fast  neutiona.  lethality  of  neutrons  varlea  directly 
with  their  energy.  For  the  Hlroahlms  or  noolaal  bomb  (80  ST), 
there  aj’e  approximately  10  tlrceo  se  m&oy  alow  neutrons  as  feet 
noutmna.  For  this  reason,  even  though  the  fast  neutrons  are 
Bore  lethal  Individually,  slow  neutrons  are  the  more  Important 
hash'd.  An  addltlosial  Item  of  dlffercucc  between  clow  end  fast 
neutrons  I'elatee  to  scattering.  Fast  neutrons  are  essentially 
directional.  Slow  neutrons  follow  erratic  courses  and,  there¬ 
fore,  complicate  the  design  pro'>lem  i'cgarding  openings. 

the  problem  of  shielding  agalnot  neutrons  is  not 
easily  KOlvcd.  Water  or  as^y  other  material  containing  hydrogen 
Is  very  effective  in  oloving  down  neutrons,  to  increaec  effec- 
tlvencso  of  water,  dissolvable  borax  may  be  added.  Soli  may 
also  be  isade  more  effective  by  addition  of  borax.  Concrete, 
which  contaLno  a  large  amount  of  hydrogen  (in  the  fom  of  water), 
is  another  effective  shielding  material.  These  solutions  are 
of  little  value  for  emergency  ahcltero,  but  thin  problem  will 
be  covered  further  in  the  section  on  attenuation  factors. 
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Early  data  on  tiha  effective  raagp  of  neu¬ 
trons  led  to  t&e  concltision  that  neutrons  did  not  present  an 
additional  hazard  ^en  protection  vas  provided  a^lnst  other 
effects,  f^ls  ■would  not  hold  true  agadnat  shelters  designed 
for  close-in  prctecxiien, 

(C)  La'te;.*  la-ta  (l^f)  sta-tes  tnat  for  a  thin 
shell  boffib  such  as  the  atomic  artillery  shell,  over  the  range 
of  biological  interest  for  ganma  radiation  (200-1000r),  ■the 
biological  effectiveness  of  neutrons  appears  to  equal  ■that  of 
gamma  rays.  With  a  greater  attenuation  problem  for  neutrons 
than  for  gamma  rays,  this  device  may  make  protection  against 
neutrons  the  more  critical  design  problem.  (C) 

Tests  in  Nevada  show  that  attenuation  of  neu¬ 
trons  passing  through  earth  ■vras  less  dependent  on  the  slant 
thickness  than  It  was  on  the  minimum  thickness  of  earth  over 
the  shelter.  Chemical  composition  of  cover  material  Is  the 
most  significant  fac^tor  concerning  neutron  shielding  (15)* 

(5)  Alpha  Parttclea.  One  of  the  immediate  emissions 
of  an  atomic  explosion  is  the  alpha  particle.  An  alpha  parti¬ 
cle  has  a  very  small  effective  range,  a  few  inches  only,  and 

.  is  dangerous  •  o  personnel  oiJy  when  it  is  Inhaled  or  ingested. 

As  far  as  immediate  effects  of  an  atomic  e^qploslon  are  concerned 
the  alpha  ^article  is  not  considered  a  design  problem  (•*), 

(6)  Beta  Particles.  One  of  ■the  immediate  emissions 
of  eu  atomic  explosion  is  the  beta  particle.  A  beta  particle 
has  a  very  short  effective  range,  a  few  feet  only,  and  la 
dangerous  -to  i>er£>onnel  only  when  it  Is  In  contact  with  -the 
skin  or  when  it  is  Inhaled  or  Inges'ted.  As  far  as  immediate 
effects  of  an  a'tomic  explosion  are  concerned,  ■the  be'ta  paiiilolje 
is  not  considered  a  design  problem  (4).  Fallout  is  onother 
matter;  be'ta  particles  are  significant  5n  connection  with 
fallout. 


(7)  fallout.  Fallout  Is  'the  effect  of  the  secondary 
phase  of  a  nuclei  explosion.  Radioactive  particles  from  a  nu¬ 
clear  explosion  are  carried  ax^ft  by  ■the  ibree  of  explosion. 
These  particles  settle  to  the  ground  at  such  a  slow  rate  nor¬ 
mally  that  most  of  'their  radioactivity  has  dissipated  before 
tney  fall  to  earth.  However,  If  the  same  particles  become  at¬ 
tached  to  soil  particles  drawn  up  into  the  radioactive  cloud 
or  if  radioactivity  is  induced  into  the  soil  particles  by  neu¬ 
trons,  -the  phenomenon  known  as  fallout  occurs.  The  contamiuattd 
soil  particles  are  considerably  heavier  tl^on  the  radioactive 
particles  and  settle  the  ground  more  rapidly.  These  soil 
particles  can  be  borne  great  distances  by  winds  and  still  be 
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highly  raHo&etlre,  When  Uiey  eventually  settle,  they  are 
still  cai«ble  of  contaminating  an  area  for  days,  even  veeke® 
This  long  eontaminatitm  period  requires  an  extensive  shelter 
duration  time  plus  means  of  preventing  entry  of  fallout  parti¬ 
cles  into  the  shelter, 

(toe  source  (16)  of  particular  Interest  states 
that  a  person  standing  ixr  an  open  field,  uniformly  contaminated 
vith  fallout,  receives  percent  of  his  radiation  from  the 
fallout  irtitch  is  over  25  feet  away  from  him.  From  this  state¬ 
ment,  it  appears  that  one  can  oTbtaln  greater  than  50-percent 
protection  against  fallout  by  getting  below  the  ground  surface. 

Fallout  oonslstu  mostly  of  two  effects,  gamma 
rays  and  beta  particles.  T>ie  gamma  ray  is  the  main  problem  in 
fallout.  The  energy  of  the  fallout  gamma  ray  is  lower  than  the 
energy  of  the  projtq)t  gamma  and,  therefore,  is  protected  against 
Bsore  easily.  The  average  energy  for  gamaa  rays  from  fallout  i© 
0.7  Mav  (17). 

The  alpha  particle  is  another  effect  of  fhllohtj 
however,  its  properties  are  similar  to  the  beta  jpartlcle  and 
are  of  lesser  danger.  Protection  against  beta  particles  is 
more  than  sufficient  for  protection  against  alpha  particles. 

(C)  During  Operation  CASTIS  (l8,  I9),  some 
people  were  subjected  to  unexpected  gamma  and  beta  fall.  ut. 

Beta  fallout  was  dangerous  only  on  the  skin  and  when  lnha)o4 
or  ingested.  The  inhaled  amount  was  small  because  most  of  the 
pairtioles  were  stopped  at  the  nostrils  or  ‘5n  the  mouth,  ^v- 
ever,  the  amount  ingested  was  of  Impoirtance  because  of  contami¬ 
nated  parttelfis  ©wallowed  directly  and  because  of  contaminated 
food  and  drink.  Exposed  skin  was  diviaged  by  "beta  bum"  which 
Is  a  combination  of  beta  particles  and  low  enei'gy,  1  to  100  kev, 
ganana  rays.  There  was  no  skin  bum  under  clothing  except  where 
the  radioactive  material  was  carried  by  perspiration  or  body 
motion  under  a  collar  or  cuff.  Skin  bum  occurred  only  when 
the  paHlcles  come  into  direct  contact  witli  the  ©kin.  The 
whole  body  dose  of  gamma  radiation  from  partide©  d.lotrlbuted 
on  the  ground,  trees,  and  tulldlng©  wao  approximately  200r  In 
tkie  particular  Instance.  It  was  stated  (I9)  that  for  well 
clothed  pcx:.onnel  In  a  fallout  field,  the  gamma  dose  will  be 
the  critical  effect  In  determining  the  time  of  entry  into,  or 
period  of  exix)sure  within,  such  an  ax'ea.  The  clothing  In  this 
case,  even  a  single  layer  of  cotton,  provided  almost  complete 
protection  against  "beta  bum."  (C) 

c*  Chemical  Warfare  Agents.  Tlic  problem  tiiat  "gas  war- 
foi'e"  in’escnts  Is  not  easily  solved  especially  In  emergency  or 
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Improvised  shelters^  Oos^ilete  ponotectlon  against  cboklagr  gases, 
vomiting  gases,  and  some  of  the  tlood  gases  oan  he  obtained  -Unon^ 
the  protective  gas  mask.  However,  'blister  gases,  nerve  gases,  and 
some  blood  gases  not  only  require  the  protective  mack  but  also  re¬ 
quire  protective  clothing  because  they  are  harmful  to  skin  or  are 
capable  of  entering  the  body  through  the  skin  and  causing  fatalities. 
The  only  other  protection  against  these  gases  is  a  closed  shelter 
with  filtered  ventilation,  preferably  with  a  positive  interior  pres¬ 
sure.  Mechanical  ventilation  is  not  considered  in  the  design  of 
these  emergency  shelters;  however,  some  protection  can  be  provided 
by  sealing  entrances  and  vents.  This  IJmltei  protection  will  be 
brought  out  in  the  section  on  entrance  design  (20 ). 

d.  Biological  Warfare  Agents.  The  problem  that  ”germ 
warfare"  presents  is  not  easily  solved,  especially  in  emergency  or 
in^jrovised  shelters.  Tne  protection  necessary  consists  of  complete 
sealing  of  the  shelter  from  any  exterior  contamination.  It  would  be 
preferable  to  have  the  interior  air  pressure  greater  than  atmoepherlp. 
The  limited  protection  afforded  by  sealing  will  be  brought  out  in  the 
section  on  entrance  designt (20) . 

I 

«  I 

5.  Shelter  uesign  Components.  The  term  "emergency  shelter" 
as  used  throughout  this  report  is  defined  as  a  shelter  capable  of 
being  erected  swiftly  with  commonly  available  meane  and  materials, 

1.  e.,  an  improvised  personnel  shelter.  The  components  to  be  con¬ 
sidered  in  the  design  of  emergency  personnel  shelters  are  dlscuased 
belov. 


Baith  Cover.  Earth  cover  is  one  of  the  most  readily 
available,  cheapest,  and  valuable  protective  omterials  for  shelters. 

Damage  to  structures  is  less  severe  when  they  ore 
covered  by  even  a  small  amount  of  earth  (2l). 

The  many  advantages  of  setting  the  top  of  earth  cover 
at  natural  grade  far  outweigh  additional  costs  (22). 

In  designs  of  field  defenses  for  on  atomic  war,  ver¬ 
tical  faces  projecting  above  ground  level  should  bo  avoided.  If  it 
Is  impossible  to  keep  everything  flush  with  the  ground,  then  the 
face  of  everything  above  ground  level  must  bo  sloped  off  to  an  angle 
of  less  than  35  degrees  from  horizontal. 

The  regime  of  forces  applied  to  the  surface  of  an 
earth-covered  structm*©  is  extremely  complex,  both  from  point  to 
point  over  tJie  suj'face  of  the  structure  at  any  given  instant  and  in 
the  time  variation  at  any  given  location.  PurtheiTsore,  the  response 
of  even  relatively  simple  structures  to  complicated  loads  is  a  dif¬ 
ficult  analytical  problem.  It  is  thus  commonly  unprofitable  to 
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attempt  a  detailed  analysis  of  so  coaglax  a  problem.  There  is^  ■ 
therefore,  a  strong  ic^jetus  for  the  use  of*  slngjliflcations  which 
win  permit  relatively  easy  (even  though  approximate)  solutions  (23). 

The  peirameters  which  control  effectiveness  of  earth 
cover  in  protecting  structures  against  damage  produced  by  the  blast 
from  atomic  explosions  involve  properties  of  the  earth  cover,  proper¬ 
ties  of  the  structures,  and  the  inter-relation  of  the  two.  The  inter¬ 
relation  is  of  major  importance.  The  parameters  are  discussed  sepa¬ 
rately  for  purposes  of  logical  presentation  (2h). 

In  general,  earth  cover  reduces  blast  damage  to  a 
structure  in  several  ways.  First,  it  reduces  the  forces  applied  to 
the  structure,  both  because  the  shape  of  the  earth  cover  will  ordi¬ 
narily  redtice  the  forces  exerted  by  blast  and  because  those  forces 
which  are  applied  to  the  surface  of  the  earth  are  tiansnltted  in  re¬ 
duced  intensity  to  structure  surfaces  \dilch  are  below  the  earth  sur¬ 
face.  Second,  the  earth  cover  acts  to  modify  and,  In  general,  latprovo 
response  of  the  structure  to  forces  applied  to  it.  This  in^jrovement 
in  response  of  the  structure  is  accomplished  primarily  by  buttress¬ 
ing,  i.  e.,  resistance  of  the  earth  to  compression  by  any  parts  of 
the  structure  which  tend  to  move  outward,  and  secondarily  by  the  in¬ 
crease  in  mass  which  resists  motion  because  of  its  inertia.  It 
should  be  noted  that  thc’^e  properties  are  functions  particularly  of 
the  Interaotlon  of  the  earth  cover  and  the  structure  (24), 

The  shape  of  the  top  surface  of  the  earth  cover  has 
a  very  great  effect  on  the  forces  applied  by  air-  blast  and  particu¬ 
larly  has  a  major  effect  on  the  dlssymetry  of  forces  applied  to  the 
windward  end  leeward  sides  of  the  eai’th  cover.  This  is  a  major  par¬ 
ameter  affecting  the  forces  applied  to  a  structure.  Higher  values 
of  elastic  moduli,  as  controlled  by  choice  of  earth  for  the  cover 
and  by  compaction  dxiring  the  filling  operation,  have  the  beneficial 
effect  that  buttressing  of  the  structure  is  Improved.  Increased 
moduli  will  generally  also  be  associated  with  increased  density; 
this,  in  turn,  will  have  a  minor  benefit  in  adding  to  the  effective 
mfise  of  the  structure.  On  the  negative  side  is  the  increased  cost 
of  compaction.  It  is  estimated  that  the  cost  of  placing  the  earth 
cover  may  well  be  increased  by  more  than  a  factor  of  2  by  careful 
compaction  compared  to  no  compaction  whatever.  Also,  in  the  case  of 
very  flexible  structures,  core  must  be  exercised  during  conpaction 
to  avoid  collapse  of  the  structure  (24), 

When  the  air  blast  from  an  explosion  moves  over  an 
earth-covered  structure,  loading  of  the  structure  surface  due  to 
earth  pressure  will  bo  less  sudden  than  loading  of  the  earth  surface 
due  to  air  pressure  for  the  following  reasons,  (l)  Since  the  stress 
at  a  point  on  the  shelter  surface  derives  from  the  loading  on  a  rela¬ 
tively  large  area  of  earth  surface,  the  earth  pressure  rise  time  is 


leogi^hened  l}ecau8e  at  the  time  requlxed  foe  the  bl&st  vave  to  move 
over -tills  area  aiid  (2)  -^le  rise  time  of  -the  earth  pressora  at  -the 
s-tructixre  surface  is  also  l^agtheued  due  -to  the  flxilte  velocity  of 
transmission  of  stress  in  -the  earth  cover.  This  lengthening  of  -the 
rise  time  is  la^ortant  where  either  -the  structure  as  a  ^fliOle  or  a 
con^nent  element  of  it  has  a  period  of  response  -which  is  less  -than 
the  resul-tant  rise  time  of  -the  earth  pressure  against  It.  Is^rtant 
benefits  from  an  extension  of  -the  rise  time  exist  only  if  -the  rise 
time  can  be  extended  beyond  -the  time  required  for  maximua  response 
of  -the  element  under  a  shock  load  (2k). 

In  the  limiting  case  where  -there  is  no  deflection  of 
the  structure,  earth  pressure  gages  in  the  center  section  of  a  . 
structure  should  show  somewhat  longer  rise  times  than  corresponding 
air  pressxire  gages,  but  they  should  le-vel  off  at  approximately  the 
same  value  and,  -thereafter,  follow  -the  decreasing  air  pressure  curve. 
The  side  section  earth  pressure  gages  should  show  e-ven  longer  rise 
times  than  -tiie  center  section  (due  -to  -the  grea-ter  thickness  of  earth 
cover)  and  rise  -to  a  pressure  considerably  less  -than  -the  correspond- 
Ing  earth  surface  pressure.  The  shape  of  the  curve  after  -the  rise 
should  approxlma-te  -the  shape  of  the  decreasing  air  pressure  curve  (2k) 

For  -the  case  where  -the  structure  deflects,  the  mech¬ 
anism  becomes  complicated.  There  are  three  effects  associa-ted  with 
earth  cover  lAich  will  affect  -the  force  acting  on  the  structure, 

(a)  Acceleration  of  the  earth  cover  will  reduce  the  force  acting  on 
structure  by  the  force  m  a^.  Later  deceleration  of  -the  earth 
cover  will  increase  the  force  acting  on  the  structiare  by  the  amount 
m  ag.  (b)  As  the  earth  cover  follows  the  .structure  surface,  there 
will  be  a  woall  flow  of  earth.  The  friction  associated  with  this 
flow  will  reduce  -the  force  acting  on  the  structure  •  This  appears  -to 
have  only  a  minor  effect  on  -the  maximum  force  acting  on  the  structure 
(c)  Another  factor  which  will  affect  earth  pressure  at  the  structure 
surface  Is  the  transmission  of  forces  between  different  segments  of 
the  structure  surface.  The  earth  pressure  curves  for  a  deflecting 
structure  ore  affected  by  accelerations  of  -the  earth  cover  and  -the 
transmission  of  forces  between  different  segments  of  -the  structure 
eiurface.  Therefore,  except  for  cases  where  deflections  are  small, 

It  is  to  be  expected  that  the  loading  hls-tory  of  -the  structure  will 
be  complicated  and  difficult  to  interpret  (2k) . 

Extensive  tests  ha-ve  Indicated  the  thickness  of  vari¬ 
ous  ioaterials  required  to  resist  blast  and  fragments  of  B.  E.  bonibo. 
The  majority  of  testa  were  made  on  the  basis  of  protection  against 
500-lb,  GP  botths.  Protective  thlctoesses  adequate  for  protection 
against  all  types  of  bombs  at  a  dls-taace  of  1*0  ft  arc  given  In  Table 
IX.  These  thicknesses  my  be  regarded  as  providing  95-percent  pro¬ 
tection  nt  25  ft,  provided  structural  continuity  and  go^  quality 
construction  are  maintained  (l). 


ISEible  U.  Beijulred  l!hl(^33es8es  of  liteiterTaTii .  . 

To  Protect  against  Fragments  and  Blast  of  ■ 

Varfous  Blze  GP  Bonibs  at  a  Btatance  of  Ft 


Size  of 

Thickness 

in  Inches 

Bonb 

MIM  Steel 

Concrete  Block 

Packed  Earth 

Sandbags 

100  lb 

1 

16 

20 

24 

250  lb 

20 

24  • 

30  • 

500  lb 

2 

2k 

30 

36 

1000  lb 

28 

36 

42 

2000  lb 

3 

32 

42 

5^ 

NOTE:  These  thlcknesaes  are  93  percent  effective  at  a  distance  of 
25  ft. 


Tests  conducted  during  Operation  Teapot  on  earth- 
covered  prefabricated  anmunltlon-atorage  magazines  used  as  personnel 
shelters  resxilted  in  a  conclusion  that  the  design  of  earth-covered 
structures  based  on  stress  analysis  vas  not  possible  under  present 
conditions  and  further  effort  in  that  direction  vas  not  advisable  (2Si) 

Propagation  of  shock  vaves  through  soil  is  a  subject 
of  special  inter'est  to  the  designer  of  shelters.  The  concept  of  a 
wave  being  transmitted  steadily  In  one  direction  or  spreading  out 
from  a  point  source  is  an  Idealized  one.  In  practice,  all  vaves 
toove  in  bounded  media,  and  vberever  boundaries  of  discontinuity  are 
encountered,  reflection  and  refraction  viU  occur  resulting  in  more 
or  less  coB5)lex  wave  patterns.  Tte  atnoxmt  of  energy  reflected  is 
dependent  on  the  contrast  in  acoustic  impedances  (l.  e.,  product  of 
mass  density  by  seismic  velocity)  of  the  soils  on  each  side  of  the 
boundary  at  \dilch  the  reflection  takes  place.  It  Is  indej^ndent  of 
the  side  from  which  the  incident  wave  approaches.  Woere  there  Is  ' 
little  difference  in  the  elasticity  and  density  between  an  overlying 
and  an  mderlylng  formation,  there  is  little  reflection.  Some  re¬ 
search  has  shown  that  a  considerable  contrast  must  exist  in  acoustic 
properties  in  order  that  reflections  of  recognizable  aioplltude  be 
produced  at  the  Interface  of  two  distinct  media.  If  there  Is  a  sharp 
difference  in  elastic  and  physical  properties  thereby  creating  an 
actual  discontinuity,  much  of  the  energy  will  be  reflected  from  the 
interface.  In  stratified  materials  poBsesslng  different  characteris¬ 
tics,  the  phenomenon  of  seismic  reflection  and  refraction  viU  occur. 
The  conditions  are  usually  expressed  In  the  relationship  between  the 
radiation  r’csistances  or  acoustic  impedances  of  two  adjacent  media 
since  this  factor  controls  the  transmission  of  energy  from  one  nsdium 
to  another,  as  well  as  the  ratio  of  reflected  to  incident  energy.  If 
in  two  media,  the  specific  acoustic  impedances  differ  greatly,  the 


raeTgj  transmitted.  £rcxai  one  medium  to  .the  other  is  negligible  and. 
almost  perfect  reflection  vlU  occur*  '  lb  satisfy'  the  cooditlooa 
fbr  zeflection^r  a  deflxilte  change  in  eonp^aaibilitgr  or 
must  he  made*  Some  exao^les  of  material  with  widely  varied  ls^d> 
ances,  compressibilities,  and  densities  are  solid  rock,  gravel, 
plastic  clays,  sands,  and  loams* 

^e  foregoing  indicates  that  if  earth  cover  caji  he 
placed  in  layers  of  widely  varied  in^dances,  it  my  greatly  reduce 
the  trancmission  of  shock  waves  to  the  supporting  structure.  This 
factor  is  hlj^ly  significant  for  protection  agal^t  H*  S.  shock 
waves  of  short  duration.  It  has  been  found  effective  as  a  means  of 
protection  against  conventional  artlUezy  attack*  It  has  not  been 
evaluated  by  ei^riment  with  atomic  weapons.  It  is  anticipated  that 
pressure-rise  time  on  a  structure  under  atomic  attack  can  be  benefi¬ 
cially  controlled.  In  this  manner,  but  that  it  will  have  little  ef¬ 
fect  on  peak  pressure.  A  pressure  pulse  from  an  atomic  explosion  is 
of  such  long  duration  as  compared  to  the  natural  frequency  of  vibra¬ 
tion  for  most  emergency  shelters  that  it  assumes  many  characteristics 
of  a  static  load.  Hence,  peak  pressure  is  the  controlling  parameter. 

The  optimum  design  of  an  earth-covered  shelter  Is 
that  design  which  will  resist  a  specified  blast  load,  be  functional 
before  and  after  one  ejqjosure  to  atomic  blast,  and  be  of  minimum 
cost  consistent  with  these  requirements.  The  most  Important  parame¬ 
ter  affecting  cost  will  be  the  specified  clear  span.  This  should  be 
held  to  a  minimum.  For  example ,  enormous  capacity  could  be  developed 
in  a  culvert  section  of  6-ft  radius  under  ft  of  cover*  Such  a 
structure  might  be  the  most  economical.  The  highest  level  of  protec¬ 
tion  per  dollar  will  be  attained  if  the  span  of  the  arch  is  kept  to 
the  minimum  possible  to  accommodate  the  appropriate  function  of  the 
structure*  Thickness  of  earth  cover  near  the  crown  of  the  arch 
should  be  determined  by  considerations  other  than  protection  against 
alrblast  damage,  radiation  hazard,  and  missile  hazard  (S4). 

b.  Cover  Support.  One  of  tbe  major  problems  encountered 
in  the  design  of  emergency  shelters  is  support  for  the  earth  cover. 
The  cover  support  has  to  carry  not  only  the  blast  loads  but  also  the 
static  or  dead  load  of  the  earth  cover. 

The  design  of  underground  protective  construction  to 
resist  air  blast  from  atomic  bosbs  presents  difficulties  only  where 
the  pressures  are  extreoel^r  high.  In  general,  for  low  pressures, 

20  to  30  pel,  the  amount  of  cover  required  for  radiation  protection 
is  great  enough  so  that  tlie  static  strength  of  the  structure  required 
to  support  the  cover  under  the  usual  working  stresses  will  generally 
be  sufficient  to  resist  the  dynamic  forces.  Special  consideration, 
however,  may  have  to  be  given  to  the  effects  of  very  long  duration 
pulses  of  pressure  resulting  from  the  blast  of  extremely  large  bombs. 


%en  pTesBores^are  extreaely  ta  tlie  nei^^itxjxiuroi  of  100  psf , 

soma  special  eonsideratloa  Is  required  lecatise  the  reserve  strenfftb 
required  for  normal  design,  under  static  conditions  vouM  not  1)0 
sufficient  (26). 

One  must  take  Into  account  the  nature  of  collapse  of 
structural  elements  tised  In  construction.  Wherever  possible,  one 
should  use  materials  and  types  of  fabrication  that  permit  absorption 
of  energy  without  brittle  failure.  Finally,  one  should  tedce  account 
of  the  fact  that  vibrations  sure  likely  to  occur  under  dynamic  condi¬ 
tions  and  that  reinforcement  and  anchorage  should  be  provided  to  re¬ 
sist  the  full  effect  of  reversal  In  the  elastic  range,  1.  e.,  a 
8truct\ire  designed  for  downward  loading  may  often  be  subject^  to  an 
upward  loading  consistent  with  an  elastic  vibration  just  eqial  to 
the  yield  deflection  of  the  structure.  If  the  structure  is  not  so 
designed.  It  may  suffer  secondary  collapse  which  may  be  serlovis  (26) . 

The  v^pward  pressures  exerted  on  the  bottom  of  buried 
structures  are  of  the  sane  order  of  magnitude  as  the  pressures  on 
the  roof.  A  base  pressure  of  about  3/**  the  roof  pressure  appears  to 
be  sufficient  for  design  purposes  unless  the  duration  is  extremely 
long.  This  will  take  into  account  the  absorption  of  pressure  idiloh 
produces  acceleration  of  the  top  surface  of  the  structure  and  of 
pressure  which  produces  acceleration  of  the  structure  as  a  ^ole  (26). 

Design  criteria  should  be  selected  which  correspond 
to  conditions  at  yieldlxig  or  at  Ihalt  behavior  of  the  structure. 

When  collapse  loads  or  limit  loads  are  selected,  oonsiderstlon  should 
be  given  to  the  probable  actual  strength  of  the  material  under  condi¬ 
tions  applying  to  the  structure  In  practice.  For  very  long  pulses, 
the.  structure  should  be  designed  for  the  pressures  described  above, 
acting  as  static  pressures,  for  stresses  at  least  10  percent  below 
those  corresponding  to  general  yielding.  For  structures  at  or  very 
close  to  the  surface,  the  design  stresses  should  be  at  least  20  per¬ 
cent  below  those  corresponding  to  general  yielding  (26). 

There  Is  little  evidence  of  dynamic  arching  In  the 
pressures  acting  on  the  roof  of  beam  strips,  except  where  the  de¬ 
flection  became  exceedingly  large.  'Rie  arching  begins  to  be  effec¬ 
tive  after  the  deflections  have  reached  values  corresponding  to 
about  3  percent  of  the  span.  This  amount  of  deflection  would  cor¬ 
respond  to  failure  in  ordinary  reinforced  concrete  constrwstlon  of 
the  thickness  that  would  be  required  for  large  pressures.  For 
practioal  design  conditions,  ^t  does  not  seem  advisable  to  count  on 
dynamic  arching  to  reduce  the  design  loads  (27). 

For  flexible  structures,  the  buttressing  effect  of 
the  earth  cover  Is  a  benefit  of  prime  Importance.  "Buttressing 
effect"  is  the  informal  expression  used  to  describe  the  passive 
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xeslstanee  o£-the  boH  to  latcTal  displacement.  Ho  eartli>coyered 
structure  move  to  leevard  without  overcoming  this  soil  reslst*^ 
ance,  and  no  arch  or  gahle  fraioe  roof  can  he  displaced  downward  at 
the  crovn  without  overcoming  similar  soil  resistance  at  each  haunch 


(C)  Tests  were  conducted  on  field  fortifications 
during  Operation  UPSHOT  KNOTBOIH.  The  strxictures  consisted  of  com¬ 
mand  posts^  machine  gun  hunkers,  and  fosdioles.  The  command  posts. 
Pig.  1,  and  machine  gun  hunkers.  Fig.  2,  were  typical  structures, 
as  In  PM  5-13,  consisting  of  posts,  caps,  and  stringers.  The  posts 
and  caps  were  8  hy  8  tinibers  while  the  stringers  were  4  hy  4  tisibers 
The  structures  were  tested  hy  two  different  shots.  The  initial  shot 
caused  roof  collapse  in  many  of  the  command  posts  and  himkers.  Col¬ 
lapses  were  due  to  failure  of  the  center  cap  which  In  turn  caused 
failure  of  the  stringers .  Failures  of  the  machine  gun  hunkers  were 
not  as  numerous  as  failures  of  the  command  posts.  The  explanation 
for  this  difference  Is  that  the  pressures  within  the  hunkers  were 
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Fig.  2.  Machine  gun  bunlur. 


twice  the  preiaures  within  the  command  post,  1.  e,,  the  machine  gun 
emplacement  cover  was  subjected  to  a  lighter  load  because  of  the 
relieving  pressure  inside  reaching  a  significant  value  In  a  shorter 
time.  Structural  damage  to  covers  of  command  posts  and  machine  gun 
emplacements  was  a  result  of  blast-induced  pressure  difference  be¬ 
tween  the  top  and  bottom  of  the  cover.  The  effect  of  dynamic  or 
wind  pressure  was  much  in  evidence.  For  the  command  posts,  damage 
was  limited  to  removal  of  part  of  the  loose  earth  covers  whereas, 
for  machine  gun  emplacements  whose  cover  structure  was  above  grade 
level,  the  effects  were  multiple.  Generally  speaking,  the  dynamic 
pressures  were  effective  in  tearing  the  cover  materials  apart  from 
each  other  where  they  were  Joined,  blowing  away  the  loose  materials 
6uid  moving  whole  covers  or  parts  thereof  out  of  position  (lO).  (C) 

(C)  The  second  shot  which  Included  a  precursory  ef¬ 
fect  was  very  damaging.  Of  all  parts  of  the  fortiflcitlons  that 
had  originally  been  above  natui'al  grade  level,  little  or  nothing 
remained  in  place,  Tlie  covers  to  machine  gun  emplacements  could 
not  be  identified  after  the  shot.  Although  the  covers  to  conanand 
posts  stood  up  better  than  the  others,  none  remained  Intact.  It 
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appeared  that  the  8  by  8  center  caps  had  failed  first  in  horieontal 
shear  and  then  In  bending  at  laidspan,  and  that  the  end  caps  had 
failed  In  horlzantar  shear  only  vith  a  beginning  failure  in  either 
bending  or  vertical  shear.  Aboixt  l/h  of  the  8  by  8  tlsiber  posts 
failed  in  costpression,  a  fev  vere  ^iven  sli^tly  farther  into  the 
ground,  and  most  vere  left  leaning  inward  to  some  degree  (lO).  (O) 

(C)  Fortification  covers  located  fltish  vith  grade 
level  are  primarily  damaged  by  diffraction-type  loading.  When  the 
covers  are  located  above  grade  level,  cover  coo^nents  may  be  ser-* 
iously  disarranged  by  dynasile  pressure;  however,  the  physical 
breaking  of  timbers  and  materials  themselves  is  still  a  result  of 
diffrjsustlon  loading  on  the  cover.  Disarrangement  begins  to  appear 
at  dynamic  pressures  as  low  as  0.7  to  1.6  psi  and  is  dependent  on  * 
the  design  and  the  quality  of  workmanship  going  into  the  Joints  and 
fastenings.  For  both  above  and  below  grade  covered  fortifications, 
the  longer  spanned,  horizontal  supporting  members  limit  the  streng^ 
of  the  cover's  resistance  to  diffraction  loads.  The  posts  support¬ 
ing  these  caps  are  relatively  Invulnerable  to  damage  from  loads  on 
the  cover;  if  tl^  soil  is  at  all  stable,  they  are  better  sunk  into 
the  soil  than  set  on  timber  footings  or  spreaders  (lO).  (C) 


CONFIDENTIAL 


CONFIDENTIAL 


24 

(C)  iCPA.  shelters  were  tested  doting;' 

Operation.  BDSTES.  One.  at  these,  ri&.  3,  vas  a  conqpletely  enclosed 
shelter  of  vood.  It  was  of  small  capacity,  faxir  persons  only,  and 
consisted  of  2  by  U  studs  and  2  by  6  roof  joists  with  a  wall,  floor, 
and  roof  covering  of  1  by  6  sheathing.  The  Joists  were  spaced  at 
3-3A  i-’^*  studs  at  l6  in.  The  roof  span  was  4  ft.  The  roof 

supported  3  ft  of  earth  cover  and,  in  addition,  resisted  peak  pres¬ 
sures  of  15  pel  (21).  (C) 

(C)  A  connaunal  shelter.  Fig.  4,  consisting  of  90"io» 
inside  diameter,  24  ft  long,  reinforced  concrete  pipe  euad  90-itt*  i*i“ 
side  diameter,  10  gauge,  24  ft  long,  corrugated  iron  multiplate  pipe 
was  tested  during  Operation  BUSTER,  The  shelter  covered  with  3  ft 
of  earth  withstood  25  psl  overpressure  (22).  (C) 


(C)  Covered  trench  shelters,  Fig.  5,  were  tested  at 
Operation  TUMBIEB.  The  trenches  w-re  2  ft  wide,  and  the  cover  sup¬ 
port  was  2-  by  12-ln.  planking  overlapping  the  sides  of  the  trench 
by  at  least  2  ft.  The  cover  vas  2  ft  of  soil.  In  this  particular 
test,  the  2-  by  12-la.  planking  withstood  15  pet  but  not  20  pel 
(26).  (C) 
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Fig.  Covered  treoob  obelter. 

A  type  of  cover  support  Is  currently  to  use 

la  tallltary  field  fort  If  loot  Ions  >  Revetaent  can  1)6  locorpcretted 
Into  this  structure  quite  coolly  since  the  structure  provides  ade¬ 
quate  'bmclug.  Ihls  structure  consists  of  poets,  caps,  and  string 
era  vlth  diagonal  bracing  on  the  posts,  the  cover  In  this  case  Is 
supported  by  stringers  plsced  perpendicular  to  the  BiSjor  shelter 
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axis.  These  stirlngera,  which  are  wnlfonnly  loaded,  act  as  slinple 
beeitts.  The  stringers  in  turn  are  supported  hy  caps  placed  parallel 
to  the  major  shelter  axis.  The  caps  act  as  single-span  fixed-end 
beams  or  multi -span  beams.  The  caps  in  tiom  are  supported  by  poets 
which  act  as  colvimns  with  one  fixed  end.  Further  strengthening  is 
provided  by  a  single  diagonal  brace  between  successive  posts.  This 
brace  is  ordinarily  eliminated  when  timber  sheathing  is  used  as  a 
reveting  material  and  is  supported  by  the  poets.  Transverse  bracing 
is  provided  across  the  top  width  of  the  shelters  between  opposite 
posts  and  on  a  level  with  the  caps.  This  brace  reduces  head  room 
but  is  necessary  for  rigidity.  Usially,  footings  are  not  employed 
for  the  posts?  however,  they  may  be  necessary  in  veiy  soft  80il4 

The  foregoing  structure  can  be  designed  in  modular 
section,  Fig.  6,  which  then  can  be  formed  in  multiples  for  larger 
shelters.  In  a  modular  section,  there  would  be  provided  four  posts, 
four  caps,  and  the  necessary  stringers  and  diagonal  braces.  The 
stringers  should  be  placed  in  two  or  more  layers  in  different  direc¬ 
tions  to  provide  equivalent  load  distribution  on  the  caps.  In  multi¬ 
ple  sections,  all  posts  except  the  end  posts  and  all  caps  across  the 
width  of  the  shelter  except  end  caps  should  be  designed  for  twice 
the  load  of  the  others.  In  multiple  sections,  the  modular  units 
could  be  placed  adjacent  to  each  other  with  a  ceartaln  amount  of 
fastening,  but  this  would  lujt  pixjvlde  the  continuity  that 


Fig.  6.  Modular  aectiona. 
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Incrcvasliig  the  size  of  pbsts  and  capg  at  the  joints  'bettreen  the  locdu- 
lar  sections  voxild  provlcte,. 

Testing  conducted  at  Fort  Belvotr  during  195^  and 
3.957  gave  indications  that  laminations  within  -Vhe  cover  support 
would  be  of  definite  value,  particularly  when  subjected  to  dynamic 
loads  of  short  duration.  The  cover  support  consisted  of  bimplo 
beams  placed  across  an  open  fortification  and  supporting , I8  In.  of 
earth  cover.  One  structure  was  ft  square,  unsupported  span 
length,  and  another  was  9  ft  square.  The  smaller  structure  utilized 
beams  6  in.  deep,  and  the  larger  one  utilized  beams  8  in.  deep,  A 
comparison  was  m^e  between  8-  by  8-ln.  or  6-  by  6-»in.  solid  beams 
and  1-  by  6-in.  or  1.-  by  12-in.  laminated  beams  arranged  in  equtva- 
[  lent  depths.  The  1-ln.  beams  were  placed  at  right  angles  in  alter- 

!  nate  layers,  giving  a  better  dlstribut.’on  of  point  loading.  A  suf- 

\  ficiently  large  charge  of  TST  was  detonated  on  top  of  the  earth 

i  cover  to  cause  failure  of  the  beams.  Failure  of  the  laminations  was 

limited  to  the  bottom  two  or  three  layers.  Results  of  the  tests 
f  showed  that  it  reqiilred  two  to  three  times  as  great  a  charge  to  cause 

I  failure  in  the  laminations  as  It  did  to  cause  failure  of  the  solid 

?  beams.  Testing  also  showed  that  a  cover  support  consisting  of  multi- 

V  '  pie  saplings,  maximum  diameter  was  very  effective  against  high 

r  explosives.  Correlatljg  the  data  from  these  tests  with  atomic  blast 

effects  is  not  simple.  Blast  pressures  fi'om  H.  E.  weapons  vary  as 
-  the  cube  root  of  the  ratio  of  the  charge  weights,  Therefore,  even 

1;  though  the  charges  were  250  to  3OO  percent  greater,  the  peak  pres- 

siires  were  only  35  to  45  percent  larger.  Also,  blast  duration  times 
f  for  H.  E.  weapons  are  extremely  short  as  compared  wi.th  atomic  weap- 

;  ons.  However,  these  data  do  show  that  a  lamir.ated  cover  .support 

\  would  withstand  the  blast  effects  of  an  H.  E.  shell  containing  twice 

the  e:q)lo8ive  charge  that  a  solid  timber  cover  support  of  equal  weight 
and  thickness  would  withstand. 

The  ‘'radiological  shelter"  I'equlres  sufficient  thick¬ 
ness  of  material  in  the  shelter  walls  and  roof  to  reduce  the  gamoa 
radiation  dose  by  a  factor  of  1000  or  more.  Tills  would  require  at 
*  least  3  ft  of  earth  or  its  equivalent  In  other  materials.  Attention 

would  also  have  to  be  paid  to  details  of  tlie  entx’ances  and  ventila- 
'  +lon  system  to  prevent  fallout  material  from  entering  the  shelter  tn 

significant  amounts.  A  "radiological  shelter’"  will  also  provide  com- 
I  plete  protection  against  the  direct  beat  flash  from  detonation  a?id 

■  will  also  offer  considerable  protection  against  air  blast.  In  most 

cases ,  protection  against  a  blast  overpressure  of  10  pel  con  be  sx- 
f  pected  as  a  bypi'oduct  of  the  requirements  for  radiological  proteo- 

t;  .  tlon.  Very  simple  underground  shelters  constructed  of  sandbags  and 

wooden  planks  have  been  Judged  to  p.ovlde  blast  protection  against 
''  an  ovei’pre.'ssure  of  10  psl  (29). 


■  c,  BeYet)!nerxt>  A  revetment  is  s.  ret^dnlng  valX  or  fSwing 
for  maintaining  an  earth  slope  at  an  angle  steeper  than  Its  natural 
angle  of  repose. 

In  loose  or  granular  soil,  meaaares  must  be  taken  to 
prevent  crianhling  of  weills  vhen  the  position  Is  to  be  occupied  for 
more  than  a  fev  days.  Decreasing  the  slope  for  this  pinpose  de¬ 
creases  protection  afforded  by  the  emplacement.  Revetments  require 
considerable  labor  and  material^  but  they  reduce  maintenance  and  in¬ 
sure  stability  of  the  earth  slope.  Earth  walls  In  entrenchments  and 
emplacements  not  only  are  subject  to  normal  erosion  processes  and 
wear  and  tear  of  constant  occupation,  but  they  must  also  withstand 
heavy  earth  shock  caused  by  explosion  of  bosibs  and  artillery  shells. 
There  are  two  types  of  revetments,  the  retalnlng-wall  type  and  the 
surface  or  facing  type  (30). 

The  retalnlng-wall  type  is  strong  enoxi^  to  retain  a 
dirt  wall  without  exti-a  bracing  or  supports.  Dimensions  of  the  ex¬ 
cavation  must  be  increased  to  allow  space  for  this  type  of  revetment. 
Examples  of  this  type  of  revetment  are  sandbags,  logs,  and  expedient 
materials  such  as  empty  ration  crates,  empty  shell  cases,  or  ammunl- 
tton  boxes  filled  with  soil  (30) . 

Surface  or  facing  revetment  serves  mainly  to  protect 
the  revetted  surface  from  effects  of  weather  and  damage  caused  by 
occupation.  When  strongly  constructed  end  supported,  revetment  re¬ 
tains  loose  material.  Issue  material  such  as  burlap  and  chicken  wire, 
wire  mesh,  or  corrugated  metal  sheeting  could  be  used  in  constructing 
revetments.  When  installed,  these  materials  are  held  In  place  by 
metal  or  wooden  pickets  viUch  are  driven  into  tlie  floor.  Brush  and 
cut  timber  can  be  used  as  natural  facing  revetment.  A  brush  revet¬ 
ment  is  constructed  by  driving  pickets  at  l*pace  intervals  In  the 
trench  floor.  Space  behind  the  pickets  then  is  packed  with  small, 
straight  brush  laid  horizontally.  A  cut-timber  I'evetmeat  Is  the 
principal  natural  means  of  revetting  foxholes  and  emplacements.  It 
is  similar  to  the  brush  revetment,  except  that  a  horizontal  layer  of 
small  timbers  cut  to  fit  the  length  of  wall  to  be  revetted  Is  used 
in  place  of  brush,  WJien  available,  dimension  luaiber  may  bo  used  In 
a  similar  manner  (30). 

Ordinary  ssndbogs  should  be  used  only  for  temporary 
revetting.  Where  begs  are  to  be  In  place  for  a  nonth  or  longer 
under  average  molstui'e  conditions,  they  must  be  rotproofed  or  filled 
with  soil  partly  stabilized  with  cement  or  bitumen.  Sandbags  me 
usually  placed  against  earth  walls  with  slopes  3  on  1  to  h  on  l.and 
with  a  thickness  equal  to  two  sandbag  widths  or  one  sandbag  length. 
They  arc  then  placed  at  90  degi'eeo  t^i  each  other  In  alternate  layers 
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rt  VBB  pjgylousl^  stated  that  mt  eeonoBdsal  degree  ©f 
ppotectlon:  against  H.  B.  veapons  has  in  the  past  heeaa  general, ly  ©B- 
tahlished  on  the  "basis  of  a  500-Ib,QP  "boirib  detonating  at  a  distance 
of  25  ft.  Three  ft  of  sandbags  and  30  in.  of  packed  soil  have  proved 
95  percent  effective  at  25  ft  and  100  percent  effective  at  ^40  ft  • 
against  blast  and  fragmentation  (l) . 

Revetment  for  protection  of  personnel  may  be  provided 
by  piling  sand  bags  filled  with  sand  or  earth  stabilised  with  cement 
to  a  height  of  3  ft  6  In.  The  sand  bags  should  be  protected  by 
earth  sloped  at  degrees  (31)* 

lateral  earth  pressures  (produced  by  air  pressures  ap¬ 
plied  at  the  top  surface  of  the  soil)  exerted  on  vertical  faces  of  a 
buried  structure  are  rexatively  small  for  well  compacted  silty  soils 
even  when  the  vertical  pressures  are  high.  It  appears  that  pressures 
on  the  order  of  15  percent  of  the  vertical  pressvire  are  reached  in 
the  horizontal  direction  for  such  soils.  However,  this  ratio  may  be 
higher  for  plastic  clays  or  for  granular  materials  sxich  as  sand  and 
would  probably  be  much  higher  for  material  carrying  water  under  pres- 
stire  or  for  material  with  voids  completely  filled  with  water  (26). 

(G)  Revetment  for  some  FCDA  shelters  consisted  of 
1  by  6  sheathing  supported  at  l6-ln.  Intervals  by  2  by  iv  studs. 

During  atomic  tests  at  Operation  BUSTER,  this  revetment  withstood  a 
peak  pressure  of  I5  psl  on  the  surface.  A  revetment  consisting  of 
chicken  wire  and  tarpaper  sheathing  was  adequate  where  the  spacing 
of  ouppoJrting  members  was  not  too  great.  Reduction  in  rigidity  of 
the  shelter  because  of  the  svibstitutlon  of  chicken  wire  and  tarpaper 
for  1-ln.  wood  sheathing  is  not  considered  serious  in  structures  of 
basic  design.  The  use  of  unrelnforoed  concrete -block  walla  as  revet- 
laeot  is  not  recomsended  (21).  (0) 

(C)  At  Operation  TUMBLER,  sane  trench  shelters  with 
unrevetted  walls  were  subjected  to  various  blast  pressures.  Soil 
structure  was  a  major  factor  in  determining  how  well  the  shelter 
walls  withstood  blast  effects.  At  one  position  where  tlie  soil  struc¬ 
ture  was  fairly  good,  the  walls  held  at  Id.S-psi  overpressure j  at 
another  position  whore  the  soil  structure  was  poor,  tee  sides  of  the 
sliolter  gave  way  at  only  3.9  psl  (28).  (C) 

(0)  A  number  of  field  fortifications  were  tested  at 
Operation  UPSHOT -KNOTHOIS.  These  tests  Included  various  types  of 
revetment.  All  the  revettnents  were  constructed  with  a  few  inches  of 
vejy  loose,  fine  earth  backfill  between  them  and  the  solid  earth 
vails.  Although  this  loose  material  may  have  acted  as  a  buffer,  the 
effect  VOS  not  apparent.  The  various  revetments  wore  chicken  wire 
and  burlap,  chlckcnvlre  and  pasteboard,  corrugated  metal  sheeting, 
plywood,  1  by  6  timber,  and  U  by  U  tlsber.  Results  of  tests 
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InSIcated  that  these  diaphragm-lTpe  rerctments  nBqrbe  stteeessf^dLl^ 
wsed  at  ranges  from,  air  'btcrsts  ^ere  the  peak  overjaressttrea  are 
about  25  pal  provided  that  care  is  taken  to  attach  them  adequately 
to  supports  spaced  about  2^  ft  apart  and  provided  that  they  are  not 
depended  on  to  add  strength  or  stability  to  the  overall  basic  struc¬ 
ture,  Considering  general  strength,  simplicity  of  construction,  and 
dependability,  the  1  by  6  and  by  4  tiasber  revetments  are  superior 
to  the  others.  Rigidly  supported  at  about  3-ft  intervals,  a  S-  by  4 
timber  revetment  appears  to  have  sufficient  strength  to  stand  up  at 
a  range  from  an  air  burst  where  the  peak  air  overpressure  is  appixSx- 
imately  300  psi  (lO),  (C) 

Sandbags  can  be  used  as  a  revetting  material  provided 
they  are  protected  from  direct  exposure  to  thermal  rays.  Sandbags 
covered  with  small  amounts  of  loose  earth  are  not  damaged. 

There  is  little  information  available  from  past  tests 
on  the  reaction  of  various  types  of  revetment  to  an  atomic  explosion. 
It  has  been  generally  concluded  that  all  normal  types  of  revetment 
are  adequate  for  military  \xse,  that  revetted  fortifications  can  be 
located  at  much  dloser  distances  to  ground  zero  than  imrevetted  fort¬ 
ifications  can,  and  that  soil  structure  is  a  major  factor  determining 
how  well  unrevetted  walls  will  withstand  a  blast  (lo) . 

Because  of  the  unknown  nature  of  the  transmission  of 
a  shock  wave  through  earth  and  of  the  loading  of  structures  by  auct 
a  wave,  required  revetment  strength  la  based  more  on  experience  than 
theoretical  calculation.  In  general,  the  forces  applied  to  revet¬ 
ments  have  heen  considerably  less  destructive  than  those  applied  to 
cover  structure  by  a  blast,  and  relatively  light  revetment  construc¬ 
tion  has  been  successful  (lO). 

(C)  Wooden  shelters  tested  in  Operation  BUSTER  with¬ 
stood  15 -psi  peak  overpressure.  The  revetment  was  1  by  6  sheathing 
supported  by  2  hy  4  studs  spaced  at  I6  in.  (2l).  (C) 

d.  Entrances.  The  entrance  is  one  of  tlie  n»re  difficult 
problems  in  shelter  design.  This  report  does  not  enconqiass  the  de¬ 
sign  of  hlast-resiotant  doors  although  their  design  is  very  similar 
to  that  of  cover  support.  The  apparently  critical  item  which  most 
blast  door  designs  for  ln^provlsed  shelters  have  indicated  under  test 
is  the  door  supporting  frame.  Many  failures  of  doors  have  not  been 
of  the  door  itself  but  rather  of  the  door  frame!  or  support.  Perti¬ 
nent  items  in  the  design  of  entrvnces  will  be  brought  out  in  the 
succeeding  paragraphs. 

Entrances  2  ft  6  la.  in  width  and  5  ft  6  In.  in  clear 
height  will  accommodate  stretchers  for  rescue  work.  Ramp  entrances 
should  not  be  steeper  than  one  in  four. 
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Provision  of  effiorgene^r  exlJt4  ^  is^rtant,  aikd.  nt 
least  one  emergency  exit  mxist  be  provided  for  every  communal  shelter. 
Emergency  exits  should  be  located  In  the  opposite  end  from  the 
entrance  (32). 

A  test  was  made  to  determine  the  possibility  of  one 
person  passing  another  in  an  emergency  exit  of  circular  cross  sec¬ 
tion,  A  2-ft  9- in.  diameter  steel  pipe  was  used.  One  person  was 
6  ft  tall  and  weighed  210  lb  and  the  other  one  was  5  ft  9  iJi*  tall 
and  weighed  I85  lb.  Since  the  two  persons  were  able  to  pass  each 
other,  it  was  concluded  that  a  pipe  3  diameter  should  be  ade- 

q,uate  as  an  emergency  exit  (33). 

The  slope  of  rasps  should  not  be  steeper  tham  one  in 
eight,  and  the  slope  of  stairs  should  not  be  steeper  than  two  in 
three  (l). 

Entrances  for  protection  against  CBR  attack  shoxild 
be  walled-ln  passageways  fitted  with  double  cloors  or  gasproof  cur¬ 
tains  about  9  to  12  feet  apart.  The  double  doors  create  an  air  lock 
to  reduce  eigent  seepage  into  the  shelter j  more  than  one  air  lock  in 
series  will  give  increased  protection.  It  is  desirable  to«liave  air 
locks  or  doors  around  a  comer  from  each  other  and  to  have  two  com¬ 
ers  or  right  angles  in  the  entrance  tunnel.  This  tunnel  should  pre¬ 
ferably  slope  upward  to  prevent  -ttie  flow  of  heavier -than -air  gasea 
into  the  tunnel.  Slanting  frames  are  built  for  gasproof  curtains, 
and  the  curtains  are  weighted  to  hold  them  in  place.  Two  entrances 
may  be  desirable.  Each  of  these  should  bo  provided  with  a  pall  of 
soapy  water  and  a  brush  for  cleaning  the  boots  of  personnel  entering 
the  shelter  (20). 

(C)  During  Operation  BUSTER,  a  number  of  FCDA  shel¬ 
ters,  Fig.  3»  were  tested.  Above -grade  entrance  construction  was 
badly  damaged,  particularly  where  the  entrances  were  not  fully  pro¬ 
tected  by  earth  cover,  Oreatett  damage  was  suffered  by  entrances 
facing  the  blast.  Two  similar  sheltei's  at  the  same  distance  fi'om 
ground  aero  gave  different  interior  gamma  doses.  The  shelter  with 
the  entrance  facing  ground  zero  received  60-percent  greater  gemma 
radiation  than  the  shelter  with  the  entrance  oriented  90  degrees  to 
the  radial  line  from  ground  zero.  In  below -grade  shelters,  entrance 
construction  which  was  above  the  natural  grade  was  almost  completely 
blown  away.  The  entrances  of  all  structures  were  considerably  weaker 
than  the  shelters  proper  (21).  (C) 

Pmvious  investigation  has  shown  that  the  entrance 
construction  of  moot  etructxxres  has  been  considerably  weaker  than 
the  structvure  proper  and  has  been  almost  invariably  the  limiting 
factor  in  blast,  resistance.  Scorching  of  parts  of  entrances  not 
directly  exposed  to  thermal  radiation  has  Indicated  reflection  of 
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some  mgaitvide;  however,  those  ^atrancea  reqairhogut  least^-tHO  ^ 
refleetlons  of  thermal  radiation  have  successfully  shielded  the  in¬ 
terior  from  high  values  of  thermal  radiation.  Hie  desi®!  and  con¬ 
struction  of  entrances  has  tended  to  he  sli^ted.  Ihe  proper  con¬ 
struction  of  entrances  is  as  important  as  that  of  any  other  part  of 
a  fortification  (lO). 

(C)  During  Operation  BUSTER,  a  communal  shelter. 

Fig.  U,  shaped  in  the  form  of  an  H  vas  tested  imder  atomic  effects. 
Double -rang)-type  entranceways  were  the  legp  of  the  H,  and  the  shel¬ 
ter  proper  was  the  crossbar.  The  prihcipal  axis  of  the  shelter  was 
perpendicular  to  the  radial  line  from  ground  zero.  Scatter  gamma 
radiation  through  the  entrances  was  found  to  vary  by  a  factor  of  5j 
there  was  a  minimum  at  the  center  of  the  shelter  and  a  maximum  3  ft 
from  the  entrance.  Two  successive  shots  gave  increased  radiation 
by  factors  of  3  and  2.  The  relative  increase  in  dose  vas  believed 
to  be  due  to  removal  of  cover  over  the  shelter  proper.  Surface 
gamma  Intensity  for  the  three  shots  varied  from  13,000r  to  70,000r, 
Three  ft  from  the  ends  of  the  interior  of  the  shelter,  ganina  inten¬ 
sity  varied  from  380r  to  880r.  The  increase  in  Intensity  of  radia¬ 
tion  near  the  open  ends  clearly  dictates  the  heed  for  baffling  or 
shielding  against  scatter  radiation.  Reflected  blast  pressures 
within  the  shelter  were  2  to  4  times  as  large  as  surface  pressures 
with  the  exception  of  one  shot  which  gave  Interior  pressures  only 
slightly  larger  than  surface  pressures.  The  lower  pressures  from 
this  shot  are  attributed  to  earth  swept  Into  the  ramps  from  the 
previous  shots  and  occupying  20  to  30  percent  of  the  shelter  entrance 
opening.  This  reduction  of  the  opening  functioned  as  a  restriction 
to  the  flow  (22).  (C) 

(C)  During  Operation  UPSHOT -KNOTHOLE,  two  KEG  group 
shelters  with  special  entrance  designs  were  tested  for  effectiveness 
against  nuclear  radiation.  The  shelters  were  48  feet  of  90-in.  I.  D, 
pipe,  bui'led  3  feet  with  one  end  closed.  Entrances  were  parallel  to 
the  axis  of  the  shelters  which  gave  two  90-degree  turns  into  the 
shelter  proper.  One  entrance  was  a  double  ramp,  Fig.  7,  and  the 


Fig.  7.  AEC  group  shelter. 
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Fig.  8.  AEC  group  eheLter. 


other,  Fig.  8,  was  a  single  ramp.  The  entranceways  were  efficient 
in  reducing  the  amount  of  radiation  into  the  shelter.  The  gamma 
radiation  was  higher  in  the  entrantiC  end  of  the  shelter.  There  wna 
no  apparent  difference  in  effectiveness  between  the  two  entrance 
designs  (3**).  (C) 

(C)  During  Operation  TEAPOT,  a  reinforced  concrete 
group  shelter.  Fig.  9»  wf.th  a  capacity  of  50  persons  was  svhjeoted 
to  the  effects  of  two  atomic  v^eaions.  This  shelter  was  designed  at 
a  completely  closed,  ventilated  type  i^sistant  to  long-duration 
blast  pressures  with  lOO-ps'  maximum  overpressure.  It  was  tested 
both  as  a  closed  on 1  as  an  open  shelter.  Ihe  entrance  to  the  shel¬ 
ter  was  a  stairway  with  two  90-degroe  turns.  The  surface  entrance 
to  the  stairway  was  flush  with  the  ground  surface  and  thus  avoided 
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high  reflected  pressure  which  a  vertical  door  would  have  experienced. 
The  first  90-degree  turn  was  located  at  the  stairway  landing  halfway 
down  while  the  other  90-degree  turn  was  at  the  base  of  the  stairway 
and  led  into  the  shelter  proper.  When  the  shelter  was  tested  as  an 
open  shelter,  gasmia  radiation  of  23,000r  at  the  surface  for  the  Ini¬ 
tial  shot  was  attenuated  to  approximately  3500*“  the  first  landing, 
3^5r  at  the  second  landing,  and  6r  within  the  shelter  proper.  Di¬ 
rectly  below  an  open  ventilation  pipe,  a  total  of  50**  vae  measured. 
Gamma  radiation  of  97,OOOr  at  the  surface  for  the  second  shot  wan 
attenuated  to  approximately  50,000r  at  the  first  landing,  900r  at 
the  second  landing,  and  6or  within  the  shelter  proper.  Blast  atten¬ 
uation  was  considerably  less.  Surface  blast  overpressures  of  and 
92  pel  for  the  same  two  shots  were  attenuated  to  26-37  psl  and  6U-74 
psi,  respectively,  within  the  shelter  proper.  Apparently,  there  was 
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no  entry-  of  reflected  themal  energy,  4Ato  the  ^Iter  properj  hear* 
ever^  heated  air  of  hi{^  tes^rature,  130*350  C,  did  enter*  ISia 
hi^  teo^ratures  vere  of  such  short  dura.tion  that  only  the  fhr  of 
test  aniB<•^ls  was  singed.  'When  the  shelter  vas  tested  as  a  closed 
shelter,  there  vas  no  damage  from  outside  overpressures  of  4T  and 
92  psl  or  from  thermal  effects.  Gamma  attenuation  was  excellent. 

On  one  shot,  8500r  Just  helow  the  door  was  attenuated  to  less  than 
Ir  within  the  shelter  proper.  On  another  shot,  25,500r  Just  “below 
the  door  was  attenuated  to  1  to  2r  within  the  shelter  (35).  (C) 

(C)  Ihermal  energy  measurements  at  Operation  BUSTEE 
indicated  that  soil  would  reflect  only  a  small  amount  of  thermal 
energy.  Measurements  were  made  in  a  fo^chole,  6  by  2  ft  wide  and 
4  ft  deep.  Eighteen  cal/cm?  was  meastired  on  the  rear  wall  of  the 
foxhole.  Only  I.3  cal/cm^  was  measured  on  the  front  wall.  Measure- 
Bsents  on  the  side  walls  indicated  no  significant  energy.  This  data 
indicates  that  a  soil-lined  entranceway  will  admit  only  a  small 
amount  of  thermal  energy  if  one  or  two  bends  are  incorporated  (12)  .  (C) 

(C)  *1116  very  long  duration  of  an  ator^c  blast  wave 
insures  that  pressure  rise  Inside  a  surface  shelter  with  open  door 
will  be  coB^rhble  with  that  outside .  If  the  door  area  is  small, 
however,  coo5)ared  to  cross  section  of  the  shelter,  pressure  rise  in¬ 
side  the  shelter  will  he  gradual.  For  a  given  volume,  therefore,  a 
shelter  In  the  form  of  a  long  narrow  tunnel  would  present  the  great¬ 
est  hazard  (36),  (C) 

(C)  During  Operation  UPSHOT-KNOTHOLE,  testing  was 
conducted  on  a  gable-shaped  group  shelter,  Fig.  10,  constructed  of 
concrete  panels,  iniis  structure  was  covered  with  earth  several  fteet 
deep.  Access  to  the  doors  and  air  inlets  was  by  maans  of  corrugated 
metal  pipe  throvigh  the  cover.  The  pipe  to  the  air  Inlets  was  24  in. 
in  diameter.  The  pipe  to  the  entrance  was  72  in.  in  diameter  except 
for  the  small  section  nearest  the  doorway  which  was  100  la.  in  diam¬ 
eter.  This  pipe  contained  one  right-angle  turn,  Ihe  door  In  the 
entrance  was  blast  resistant.  The  shelter  was  subjected  to  blast 
pressures  varying  from  7  to  11  psl.  The  structure  was  only  all^tly 
damaged,  although  blast  entered  the  air  intake  and  destroyed  the 
filtering  units  and  blew  over  some  interior  partitions  (37).  (C) 

(C)  During  Operation  UPSHOT -KNQTHOIE,  dogs  were 
placed  In  communal  shelters  and  exposed  to  the  blast  effects  of  two 
atomic  de+onatlons.  The  shelters.  Fig.  11  and  Fig,  12,  were  large 
pipe  covered  with  earth.  Entrances  were  ramp  type  containing  two 
right -angle  turns  into  the  shelter  proper.  For  the  initial  shot, 
the  romps  were  oriented  parallel  to  the  direction  of  the  blast  wave; 
for  the  second  shot,  the  romps  were  oriented  perpendicular  to  the 
direction  of  the  blast  wave.  The  two  principal  conditions  affecting 
pressure  within  the  structures  vere  outside  overpressure  and 
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Fig.  11.  Conmvmal  shelter. 


orientation  of  the  entrance  rampa  with  respect  to  direction  of  the 
hlast  wave.'  In  addition,  it  appeared  that  volvune  of  the  structure 
with  respect  to  entrance  area  was  such  that  little  or  no  reduction 
In  peah  overpressure  would  occur.  The  outside  peak  overpreesurea 
were  12  psl  and  13  psi,  respectively,  for  the  Initial  and  second 
shots.  TProm  the  initial  shot  (ramps  aligned  i)arallel  to  direction 
of  hlast),  the  animals  sustained  marked  hlast  damage  (hemorrhages 
in  lungs  and  abdominal  organs),  three  dogs  were  ataxic,  and  two 
dummies  were  violently  displaced.  From  the  second  shot  (rampa 
aligned  perpendicular  to  direction  of  blast),  no  significant  In¬ 
juries  to  the  animals  were  found  and  the  dunanica  wex-e  minimally 
displaced.  The  greater  damage  was  caused  by  the  smaller  peak  out¬ 
side  pressure.  Bather  violent  displacements  resulting  in  signifi¬ 
cant  secondary  injuries  may,  therefore,  be  anticipated  In  occupants 
of  such  sheltei’s  where  entrances  are  allfpied  parallel  to  the  direc¬ 
tion  of  the  blast  wave  (38).  (C) 

During  and  prior  to  World  War  II,  relatively  simple 
devices  were  used  to  protect  against  the  blast  of  H.  E.  bombs  and 
shells.  For  Instance,  almost  any  type  of  overlapping  baffle  wall 
is  effective  in  protecting  a  door,  and  a  simple  bend  or  offset  is 
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(C)  TSfe  primELiy  purpose  of  the  UPSHOT -KH013iOI£  proj-  v 
ect  vaa  to  ohtaia  iiiformtim  on.  the  hidiavlor  of  diock  vbtss  in  en- 
tranceways,  and  to  study  attematfon  of  such  shock  naves  In  entranoe^ 
ways  of  practical  design  incorporating  "baffles  and  ttims.  The  two 
entranceuays  tdiidi  were  included  in  the  tests  were  rather  single  Is 
design.  Entrancevay  A,  Fig.  13,  was  a  T-shaped  double  stairway. 
Entranceway  C,  Fig.  lU^,  had  only  one  stairway,  but  it  had  sir  ri^t- 
angle  beuds.  Location  of  the  blast  doors  in  the  two  entranceways 
was  determined  by  two  primary  c  jnditions;  (l)  the  door  should  net 
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■fae  exposed  to  the  direct  effect  of  the  shock  wave,  and  (2)  the  door 
ahottld  he  placed  ao.  that  It  'would  not  he  hurled  the  structure 

In.  the  event  of  failure.  Therefore,  'the  olast  doors  were  placed  at 
the  structure  end  of  the  entrance  f  in  addition,  one  rlg^t-angle 
tend  was  placed  hetween  -the  door  and  the  shelter  proper.  Record* 
from  -the  gages  In  the  entranceways  were  very  irregular  ^dieu  'tlw 
shel'ters  were  subjected  to  a  peak  surface  overpressure  of  21  psl. 

In  general,  pressures  uKasxired  in  Entranceway  A  (T-shaped)  were 
higher  'than  'those  In  Eatranceway  C  (baffled),  and  pressures  i»  both 
were  hi^er  than  outside  pressure.  The  average  maxinasai  pressure 
netur  'the  steel  door  in  Entranceway  A  was  approximately  75  percent 
higher  than  the  peak  external  pressure;  the.  average  maximum,  pires- 
sure  near  the  steel  door  in  Entranceway  C  was  35  percent  hi^er  than 
'the  peak  external  pressxire  (39)*  (C) 

(C)  If  an  entranceway  is  restricted  in  size  and 
leads  to  an  extremely  large  chamber,  it  may  act  as  a  ventllatliig 
duct,  and  pressures  la  the  chamber  can  be  computed.  Whatever  baf¬ 
fles  or  turns  and  comeirs  are  provided  in  -the  entranceway,  dicta'fces 
of  econonQT  are  such  -that  -bctal  length  of  the  entranceway  cannot  be 
much  longer  than  that  required  for  access  to  "the  sxirface  from  the 
structure.  It  Is  probably  always  cheaper  to  pix>vide  e  I'osistant 
door  'to  'the  shel'ter  than  it  Is  to  provide  a  very  complicated  en- 
trar;cewey.  For  'the  major  part  of  the  tima  of  the  shock  for  a  moder¬ 
ate  or  large  size  bomb,  the  entrancevay  euid  doorways  leading  off  the 
er.trancoway  are  subjected  to  pressures  correspoadtng  'to  those  In  the 
air  in  the  genai'al  region  of  the  structures.  It  does  not  seem  possi¬ 
ble  that  ontrancewoya  which  do  not  Involve  major  changes  In  cx^oss- 
S'50tion  through  the.lr  lengths  can  provide  any  material  attenuation 
of  a  siiock  wave  passing  through  theta.  An  entranceway  with  a  series 
of  expansion  chambex'S  ajid  surfaces  from  which  reflectlcms  can  be  ob¬ 
tained,  BO  as  to  "choice"  the  passage  between  one  expaaolon  chamber 
aid  tico  next,  may  provide  for  a  major  attenuation.  However,  such  a 
passagevicy  might  be  awcli  more  expensive  thoii  o  oiaple  door  at  the 
entrance,  tfovertheless,  this  kind  of  passageway  may  Increase  mate¬ 
rially  Uie  time  of  rise  'to  maximum  presaute  acting  on  a  door  at  the 
end  of  the  passageway.  A  charaotcristlc  Indicating  passage  of  shock 
into  and  thi’oxcgh  the  passogeway  to  the  farthest  point,  a  x*^;flectloa, 
and  a  passage  back  to  the  entrance  ohows  roughly  Uu“Ough  all  the 
records.  Maximum  pressures  occur  In  this  reflected  shock  wave  wiicre 
It  rclnfoi'Ccs  the  primary  pressure  wave.  Tiie  magnitude  of  the  aaxl- 
Eum  t-eflectod  pressure  is  approximately  twice  the  peak  outside  pi’eo- 
Bure  which  enters  In  the  first  place.  Ihe  entranceways  tested  would 
have  been  extremely  effective  for  H.  S.  weapons  or.  In  fact,  for  any 
chort-duratlon  shock  waves.  Their  effectiveness  for  longer-duratlon 
pulses  decreases,  and  It  Is  questionable  whotJter  any  tj-pe  of  en¬ 
trancevay  would  be  capable  of  "breaking  Up"  a  shock  or  of  reducing 
the  pressures  or.  doorways  below  the  cxten>al  presoure  for  a  weapon 
of  large  size  which  produces  a  shock  wave  of  long  duration  (39).  (C) 
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A  multiple  blast »trap“type  entrance,  Pig,  I5,  to 
currently  viewed  with  favor  in  Sweden. 

e.  Blast  Walls.  Blest  walls  ere  designed  to  protect  an 
entrance  to  a  shelter  from  fi'agmentatlon  and  blaet  waves.  "Rioy  arc 
utilized  with  entrances  which  open  above  original  ground.  Such  a 
wall  is  particularly  effective  against  H.  E.  weapons  although  the 
same  results  can  be  accomplished  by  a  bend  in  the  entronceway.  The 
l^..  g  duration  of  atomic  blast  pressures  makes  the  blast  wall  quite 
Ineffective  against  atomic  b]nst  waves;  however,  it  is  effective 
against  mlBsiles.  The  incoiqoration  01'  bends  in  entrtmeewaye,  ap¬ 
parently  considered  essential  in  atomic  shelters,  will  render  blast 
walls  unnecessary.  Blast  waJls  can  to  a  large  extent  eliminate  the 
entry  of  drag  forces  from  an  atomic  explosion  Into  the  entranceway; 
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iiowever,  they  nay  jcause  a  reflection  into  th6  eirtranceway  the 
blast  waves  come  from,  another  directioii. 

f .  Ventilation  and  Capacity.  Ventilation  of  emergency 

or  improvised  shelters  will  of  necessity  have  to  be  natural.  Me¬ 
chanical  ventilation  of  some  type  may  be  incorpomted  at  a  later 
date  if  and  when  necessary.  Shelters  may  be  closed  or  open.  Venti¬ 
lation  will  particularly  affect  the  number  of  personnel  ^ich  may 
occupy  any  size  shelter. 

Because  fallout  may  require  occupants  to  remain  in  a 
shelter  for  a  number  of  days,  at  least  10  sq  ft  and  65  cu  ft  of 
space  per  person  should  be  provided  with  room  for  at  least  half  of 
the  occupants  to  lie  down  at  one  time.  VJhenever  feasible, up  to  15 
or  20  sq  ft  per  person  should  be  provided.  Mechanical  ventilation 
with  filtered  air  is  not  considered  essential  for  small  shelters. 
During  an  emergency,  the  door  of  a  small  shelter  can  be  opened  oc¬ 
casionally  to  replace  the  air,  A  small  vent  pipe  through  the  roof 
terminating  in  a  re  incap  will  help  to  remove  stale  or  coctaminated 
air  (Uo). 


The  most  important  characteristic  affecting  shelter 
costs  is  the  number  of  square  feet  of  shelter  space  to  be  allotted 
per  occupant.  This  factor  depends  in  turn  on  the  maximum  tliae  the 
shelter  must  be  occupied.  Studies  at  tbe  U,  S.  Nava.1  Radiological- 
Defense  Laboratory  indicate  -that  under  fallout  conditions,  shelters 
will  be  occupied  at  least  three  days  and  for  as  long  as  two  weeks 
under  some  clx-cumstances.  It  is  recommended  that  shelters  be  de¬ 
signed  for  a  two -week  occupancy  oven  though  the  "average"  ehel-ter 
stay  rjay  be  somewhat  shorter  than  a  week.  Since,  according  to  avail¬ 
able  literature,  no  actual  tests  have  been  made  of  shelter  habita¬ 
bility  as  a  function  of  tbe  ai'ea  allotted  each  occupant,  only  approx¬ 
imate  estimates  of  ajpace  requlx'eusjnts  con  be  given  (£9). 

An  a  first  appro.xlip?.tlon,  each  occupant  must  be  aa- 
signod  Bxifflctent  floor  space  In  -which  to  sleep  plus  his  shax-e  of 
tl\e  space  required  for  food,  water,  aisles,  etc.  A  space  require¬ 
ment  of  20  eq  ft  per  person  is  arrived  at  in  the  following  way. 

Bach  person  Is  allocated  an  ai'ea  of  I5  sq  ft  for  living  and  sleeping. 
Tills  area  lo  appi^oxluntely  the  size  of  a  standai'd  aruy  cot  ft 
vide  by  6  ft  long.  Space  roqulremcnts  for  food  are  based  on  the 
■Arm,''  Food  Packet,  Individual  Assault  lA.  A  case  containing  2U  meals 
occupies  approximately  1  cu  ft.  Assuming  that  coses  can  be  stacked 
six  high  on  the  average,  each  sq  ft  would  contain  a  two-week  supply 
of  food  for  three  people.  This  amounts  to  0.3l»  sq  ft  per  ijerson. 

Army  Field  Manual  5-3U  states  that  one-half  gallon  of  drinking  water 
In  the  minimum  per  person  per  uay  for  no  longer  than  three  days.  One 
gallon  is  recommended.  This  amount  contains  come  allowances  for 
cooking  and  personal  hygiene.  Allowing  lU  gallons  of  potable  water 


per  person  and.  asauming  that  the  potable  water  tank,  la  4  ft 
tte  floor  space  requirenent  per  person  la  0.47  8«1.  ft.  Adequate  , 
toilet  space  den  be  provided  on  an  area  of  0.32  sq  ft  per  person. 
Certain  control  operations  must  be  carried  out  In  the  shelter. 

These  functions  will  use  0.5  sq  ft  per  person.  Passageways  are 
'necessary  for  the  novement  of  personnel.  The  total  of  these  re-  : 
qulrements  is  19*63  sq  ft  or- approxlmtely  20  ft  per  person.  These 
space  requirements  are  summarized  in  Table  X  (29). 

Table  X.  Personnel  Space  Requirements 


Space  Required  Per  Person  in  Shelter* 


Space 

Area 
(sq  ft) 

Living  and  sleepixig 

15.00 

Food  for  2  weeks 

0.34 

Water  for  2  weeks 

0.47 

Toilet  space 

0.32 

Operating  space 

0.50 

Paseageways 

3.00 

Total  required 

19.63«i- 

Notes;  *  Table  based  on  using  floor  for  sleeping.  If  double-decked 
sleeping  eu'rangements  are  provided  the  apace  requirement 
la  10.38  eq  ft.  , 

**  Thla  space  i^equlrement  is  about  twice  that  used  by  the 
PCDA,  On  the  other  hand,  it  is  about  one-half  the  stand* 
ard  used  In  Amoy  field  eheltere.  .  , 

•1 

Since  shelter  coats  are  heavily  dependent  upon  the 
apace  requirement,  it  would  be  very  Important  to  reduce  the  ai>ace 
requirement  to  a  minimum.  Ihie  can  be  done  by  sleeping  the  occu¬ 
pants  in  shifts  or  by  providing  double-  or  triple >"deoked  sleeping 
facllltioB  uelng  a  simple  canvas-covered  pipe  frame.  The  figure 
used  in  most  shelter  designs  Is  about  10  sq  ft  per  person.  It  ap¬ 
pears  Important  to  conduct  habitability  teats  to  resolve  the  ques¬ 
tion  whether  10  sq  ft  Is  sufficient  (29). 

Existing  data  indicate  that  shelter  costs  rise  slowly 
with  Increasing  size  of  shelter.  Therefore,  the  size  of  the  Indi¬ 
vidual  shelter  should  be  determined  by  the  maximum  number  of  people 
that  can  reach  It  in  on  acceptable  length  of  time  after  warning  of 
attack.  However,  ptxjblems  of  morale  and  disdijxlne  con  arise  when 
large  groups  of  people  ai*e  osscmblod  undei  trying  circumstances, 
Mllitaty  experience  suggests  that  group  size  should  bo  restricted  to 
50  to  100  persons  (29).  j 
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A  shelter  can  he  con^letel^r  closed,  vitb.  no  v^tllA- 
tlon  sliatsoerer,  for  15  hours  vhen  interior  vctlxme  per  persoa  la  at 
least  300  cu  ft  (29) » 

For  inactive  personnel.  1ii  \mventllated  (belters,  1  cu 
ft  of  air  per  minute  per  man  is  requiied.  Table  XI  suggests  dimen¬ 
sions  for  unventilated  dielters  occupied  by  up  to  50  "the  pract¬ 
icable  maximum. 


Table  XI.  Protective  Shelter  Requirements 


(C)  A  test  of  various  ventilating  ducts  was  conducted 
during  Operation  UPSBOT-KHOTHOLE.  Six  different  vent  designs  were 
utilized  in  the  test.  Two  of  the  vents  were  6-ln.  straij^t  pipe,  one 
of  which  had  a  T-shaped  entry  while  the  other  had  a  l80-degree  bend 
entry.  A  heavy-duty  muffler-type  blast  baffle  was  incorporated  Into 
a  6-ln.  pipe  with  a  T-shaped  entry  to  form  the  third  vent.  The 
fourth  vent  vas  the  Swedish  rock  grille  which  consisted  of  a  concrete 
box  filled  with  cobblestones  supported  on  bars  extending  across  the 
chamber.  The  interior  chamber  is  h  ft  square  by  h  ft  6, in,  deep. 

The  final  two  vents  were  6-in,  pipe  containing  a  set  of  Chemical 
Corps  filt-ers.  Each  set  included  one  particulate  filter  and  one 
charcoal  gas  filter.  Both  vents  had  a  T-shaped  entry  while  one  was 
further  protected  by  a  Chemical  Corps  antiblast  closure  valve.  The 
ducts  from  the  vents  into  the  chamber  were  6-ln.  diameter  .with  the 
exception  of  the  one  from  the  Swedish  rock  grille  which  was  12-ln. 
diameter.  The  vents  were  subjected  to  a  peak  surface  overpressure 
of  21  pel.  Keasurements  were  made  of  the  peak  pixissure  in  the  vents' 
and  of  the  maximum,  sustained  pressure  within  the  vents  and  tlie  shel¬ 
ter  chamber.  Recorded  pressures  are  shown  in  Table  XII  (39).  (C) 
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T-Shaped  Entry 
180°  Bend  Entry 
Swedish  Rock  Grille 
Muffler 
Filters 

Anti-Blast  Valve  and  Filters 


Duct 

10.^ 

7.5 

Chaoiber 

,7-8 

Duct 

U.Jt 

.  7.6 

Chasiber 

8.2 

Duct 

2.2 

9.7 

Cheumber 

11.2 

Duct 

5.0 

Chamber 

5.2 

Duct 

0.8 

2.6 

Chasiber 

2.3 

Duct 

O.U 

0.3 

Chamber 

0.3 

(C)  The  blast  curves  from  the  duct  gages  were 
characterited  by  a  very  rapid  rise  to  a  peak  pressure  followed  by  a 
rapid  fall  to  a  pressure  less  than  half  of  peak,  then  a  gradual  rise 
to  a  sustained  maximum  pressure  followed  by  a  gradual  fall  to  zero, 
and  then  a  negative  phase.  The  vent  containing  the  filters  and  anti 
blast  closure  valve  permitted  only  a  very  sm^  increase  In  pressure 
indicating  that  the  closxire  valve  functioned  correctly.  These  pree- 
s\«re-ttme  curves  show  that  all  of  the  vents  appreciably  lengthened 
the  rise  time  in  the  shelter  chanibers  and  in  some  cases  reduced  the 
maxitam  pressure  by  a  large  factor.  However,  a  peak  or  spike  oc- 
ourrsd  in  the  pressure  records  for  the  ducts.  The  Initial  peak  la 
cauicd  by  the  shock  front.  It  is  followed  by  a  gradual  build-up  In 
prf  ssure  to  a  maximum  which  Is  controlled  by  the  resistance  of  the 
VC  -t  to  the  flow  of  air.  Since  the  chamber  volume  is  largely  rela¬ 
tive  to  the  cross-sectional  area  of  the  duct,  the  chamber  pi'osottre 
geges  do  not  show  any  evidence  of  an  initial  pe^  but  build  up  grad¬ 
ually  to  a  maxlmu'tt.  The  maximum  pressure  as  measured  in  the  choaher 
Is  usually  slightly  higher  than  that  measured  In  the  duct  as  would 
be  expected  fx'ota  consideration  of  the  flow  conditions.  The  two 
straight  pipe  vents  gave  approximately  the  same  results.  The  vent 
pipe  containing  the  muffler  gave  better  results  than  the  otralght 
pipes,  wtille  the  two  vents  containing  the  filters  wore  the  moot  ef¬ 
ficient,  particularly  the  vent  containing  the  closure  device.  A 
first  glance  at  the  Swedish  rock  grille  would  Indicate  that  although 
It  le  quite  effective  in  preventing  the  entrance  of  the  shock  front, 
it  presents  very  little  resistance  to  flow  in  the  latter  stages  of 
the  teot.  However,  it  must  be  remembered  that  the  duct  In  this 
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dmn&er  I7  lQ»  in  diameter  idxlle  tite  otiier  ducts  sere  6  ini.,  in 
diameter.  9ie  flos  is  l^irotUed  or  impeded  In  its  passage  throu^ 
the  dvict  hy  an  einount  dependent  on  the  configuration  of  the  duct. 
Throttling  of  the  flow  throu^  a  ventilating  duct  is  obtained  in 
part  by  the  restriction  in  flow  and  in  part  by  the  obstacles  or 
baffles  which  are  interposed.  In  other  words,  a  12-in.  pipe  will 
permit  considerably  hi^er  pressure  to  enter  a  structure  than  will 
a  6-in.  pipe.  The  most  effective  throttling  device  appears  to  be  a 
quick-acting  blast  valve.  However,  such  devices  ajre  diffic\ilt  to 
make  rugged  enou^  for  extremely  hi^  pressures.  There  is  a  ques¬ 
tion,  however,  whether  any  type  of  throttling  device  except  a  quick- 
closing  valve  will  be  sxiltable  for  extremely  long  durations  of  pres¬ 
sure  (39).  (C) 

For  effectiveness  against  CBR  attack,  the  belter 
should  be  completely  sealed.  All  vents,  entrances,  and  exits  must 
be  closed  (20). 


Table  XIII.  Minimum  Ventilation  and  Space 
Requlrementa  for  Protective  Structures  (l) 


Location 

Maximum 
Period  of 
Occupancy 

Type  of 
Venti¬ 
lation 

Surface 
Area  per 
Person 

Floor 
Area  per 
Person 
(sq  ft) 

Volume 
Content 
per  Person 
(cu  ft) 

Above  ground 

3 

Natural 

50 

6 

50 

Above  ground 

12 

Natural 

60 

6 

75 

Below  ground 

3 

Natural 

30 

6 

50 

Belov  ground 

12 

Natural 

50 

5 

75 

Above  or 

3 

None 

75 

6 

120 

below  ground 

12 

None 

100 

6 

350 

The  above  figures  apply  to  occupied  space  only}  paesagevays,  sani¬ 
tary  arrangements,  entronoevays,  etc.,  are  not  Included. 


Table  XlXI  contains  recommended  ventilation  and  space 

requlrei&ents. 


Shelters  not  provided  witli  collective  protectors 
should  be  vuBcd  only  by  personnel  who  are  to  remain  inactive  during 
occupancy.  Since  an  Inactive  man  requires  about  1  cu  ft  of  air  per 
minute,  the  copaclty  of  unventllated  aheltero  is  limited.  Initial 
air-space  requirements  for  shelters  for  not  over  12  men  are  150  cu 
ft  per  man  (30). 
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Air  locks  ere.  Intermediate  chanibers  'between,  the  crat-^ 
side  ecid  Inside  of  belters.  Tbey  allov  passage  Into  the  lE^eXters, 
while  preventing  interior  contamination.  The  doors  at  each  end  of 
the  air  lock  xisually  are  constructed  with  standard  Ml  gasproof  cxar- 
tains.  Details  of  the  Ml  curtain  are  availahle  in  IM  3-350  (30). 

(C)  A  special  tarpaulin  has  been  designed  to  provide 
a  prefabricated  item  \dilch  when  used  to  cover  foxholes,  litter 
patients,  etc.  will  furnish  protection  against  CBR  attacks.  It  can 
also  be  used  over  an  entrance  as  a  drape  or  curtain  to  provide  pro¬ 
tection  against  fallout.  It  Is  con^osed  mainly  of  Impervious  butyl- 
coated  fabric,  but  contains  diffusion  panels  to  provide  filtered  air 
safe  for  breathing  and  to  csirry  away  carbon  dioxide.  Prefabrication 
of  the  tarpaulin  limits  field  installation  merely  to  set  up.  All 
field  sealing  is  accomplished  by  burying  the  edges  of  the  tarpaulin 
in  the  earth  around  the  fo^diole  (Ul).  (C) 

In  surface  and  cut-and-cover  shelters,  enou^  fresh 
air  usually  is  obtained  by  keeping  entrances  open  (30). 

Unventilated  shelters  require  the  following  minimum 
dimensions:  floor  area  per  person  -  6  sq  ft,  volume  per  person  - 
50  cu  ft,  surface  area  per  person  -  25  sq  ft.  —Whichever  gives  the 
least  aoconmodatlon  should  be  the  controlling  factor.  Prom  the 
above,  it  will  be  seen  that  even  when  the  hipest  recommended  occu¬ 
pancy  is  adopted,  a  shelter  will  be  far  from  full,  and  shortage  of 
accommodation  and  lack  of  organization  of  personnel  may  result  in 
some  degree  of  overcrowding  of  shelters.  A  shelter  designed  for  50 
people  and  having  a  floor  area  of  300  sq  ft  might  in  a  panic  be 
packed  to  capacity  with  300  people.  Such  crowding  could  bring  abdut 
disastrous  results  (h2). 

Natural  ventilation  by  the  occasional  opening  and 
closing  of  doors  will  not  allow  an  adequate  change  of  air  In  the 
shelter.  Nor  will  it  be  practical  to  open  and  close  the  emergency^ 
exits  to  provide  cross  ventilation.  Mechanical  ventilation  ibr 
small  shelters  mpiy  be  too  costly  in  terms  of  the  total  exi)endlture 
for  shelter.  Where  economy  and  material  become  primary  factors,  a 
reasonable  solution  to  ventilation  problems  may  be  found  in  the  xwe 
of  a  few  roof  vents.  When  the  several  aspects  of  ventilation  are 
considered  with  due  rogoi’d  for  factors  such  as  size  of  shelter,  de¬ 
gree  of  anticipated  use,  and  length  of  time  of  expected  occupancy, 
the  decision  is  not  one  which  can  be  stated  generally;  but  with  the 
various  points  before  him,  the  planner  can  reach  his  own  solution. 
The  factors  which  will  determine  the  amount  of  air  necessary  for  a 
shelter  are  floor  area,  svirfhce  area  (walls,  floor,  and  ceiling), 
volume  of  the  shelter,  oad  number  of  persons  eheltei-ed.  Table  XVt 
gives  minimum  space  requirements  for  providing  reasonable  comfort 
In  shelters  (32). 
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Rote:  The  above  figures  are  based  on  occupied  space  only;  entrance- 
ways,  sanitary  arrangemetrts,  air  locks,  etc.  are  not  Included. 


For  a  given  number  of  persons,  the  size  of  a  shelter 
is  determined  by  three  main  considerations,  floor  space,  breathing 
space,  and  heat.  In  regard  to  heat,  the  total  surface  area,  floor, 
ceiling,  and  vails.  Is  the  principal  factor;  in  regard  to  breathing 
space,  the  question  Is  governed  by  volume  of  the  shelter  and  the  air 
supply  to  it.  Floor  space  must  be  considered  in  relation  to  the  pvir- 
pose  and  shape  of  the  shelter.  In  small,  private,  domestic  belters 
^ere  the  occupants  wish  to  sit  or  sleep  in  comfort,  a  fairly  large 
allovance  of  floor  space  per  head  Is  needed.  In  narrov  shelters, 
such  as  trenches  or  tunnels,  space  ibr  a  gangway  Is  inqiortant  (33)* 

The  number  of  persons  that  can  be  accommodated  in  a 
given  shelter  in  safety  and  without  distress  depends  mainly  on  the 
following  factors:  the  teoqjerature  to  ^dilch  air  In  the  shelter  is 
raised  during  occupation,  humidity  of  air  In  the  shelter,  the  extent 
to  which  air  becomes  charged  with  carbon  dioxide,  velocity  of  air 
movement  Inside  the  shelter,  and  the  tenqjerature  of  the  inner  sur¬ 
faces  of  the  shelter.  These  factors  depend,  in  turn,  partly  on  the 
heat,  cxiisture,  and  carbon  dioxide  emitted  by  the  people  in  the  shel¬ 
ter,  partly  on  the  prevalllxig  weather  conditions,  and  partly  on  the 
characteristics  of  the  shelter  Itself  including  the  pi'ovislon,  if  any, 
for  ventilation.  A  man  In  a  state  of  slight  activity,  e.  g*,  sitting 
down  and  talking  quietly  or  playing  cards,  emits  about  UOO  Btu  per 
hour  and  about  0.6  cu  ft  of  carbon  dioxide  per  hour.  Since  the  spe¬ 
cific  heat  of  air  is  very  low,  the  greater  part  of  the  heat  emitted 
by  the  oocui)antB  must  be  taken  up  by  and  transmitted  through  the 
vails  of  tlie  shelter,  unless  high  rates  of  ventilation  can  be  pro¬ 
vided.  In  most  COSOS,  the  latter  will  not  be  possible;  It  is, 
therefore,  of  utmost  importance  tliat  the  total  sux'face  area  of  the 
shelter  bo  adequate  to  transmit  this  heat  at  such  a  rate  as  to  pre¬ 
vent  too  great  on. increase  in  temperoture  of  the  air  in  the  shelter. 
In  order  to  assist  this  process  of  heat  transfer,  it  is  desirable 
that  the  walls  of  the  shelter  should  be  of  solid  construction  and 


not  made  fcoB  nateriaXB  of  lov  tbenDBl  eonSucti^^  and  loir  qpedfttr 
heat,  sodL  as  vood,  or  asbestos  paselin^.  ftirtheir,  the  walls  ot  as 
tmclerground  shelter,  particularly  if  they  are  in  contact  vlth  the 
solid  soil,  are  likely  not  only  to  have  reasonably  good  thermal  con¬ 
ductivity  hut  also  to  remain  at  a  fairly  lov  ten^rature  throuc^ut 
the  year  (33)» 

&e  concentration  of  carbon  dioxide  reached  in  the 
shelter  in  a  given  tine  depends  on  the  presence  or  absence  of  venti¬ 
lation  and  on  the  cubic  capacity  of  the  room  in  relation  to  the  num¬ 
ber  of  occtnpants.  Experience  shows  that  with  a  mixed  population, 
containing  elderly  people  and  children,  the  carbon  dioxide  concen¬ 
tration  should  not  normally  exceed  2  percent  for  any  length  of  tima. 
This  condition  can  be  met  either  by  providing  ventilation  or  by  en¬ 
suring  on  adeqiiate  amount  of  air-space  per  head  in  an  unventilated 
Shelter  (33). 

Prom  the  foregoing,  it  will  be  seen  that  the  two  over¬ 
riding  conslderatlonB  in  deciding  whether  a  particular  shelter  will 
aucosmodate  a  given  nunher  of  occupants  are:  (l)  that  the  shelter 
has  a  si;dficient  amount  of  surface  area  per  occupant  ts'ensure  dissi¬ 
pation  of  bodily  heat  without  causing  too  ^at  an  increase  in  the 
temperat\tt«  of  the  air  in  the  shelterj  (2)  that  the  shelter  either 
bos  a  sufficient  rate  of  ventilation  or  has  a  sufficient  amount  of 
air-space  per  occupant  to  prevent  the  carbon-dioxide  concentration 
from  rising  above  2  percent  during  the  contei]g>lated  period  of  occu¬ 
pation.  It  will  be  noted  that  the  question  of  humidity  has  not  been 
explicitly  considered  In  defining  these  over-riding  considerations. 
This  Is  because  a  resting  man  can  tolerate  a  higher  relative  humidity 
If  the  temperature  Is  not  too  hi£^.  The  discomfort  caused  by  high 
relative  humidity  associated  with  high  temperature,  or  what  amounts 
to  the  same  thing,  a  hl^  "vet  bulb"  teoqierature,  can,  however,  be 
greatly  mitigated  by  providing  a  rapid  rate  of  air  movement.  For 
this  reason,  the  provision  of  Internal  fans  in  a  shelter  will  great¬ 
ly  Improve  comfort  even  In  the  absence  of  ventilatlou  (33). 

For  unvcntilated,  goe-tlght,  above-  or  below-ground 
shelters  of  normal  dimensions,  the  total  surface  area  required  per 
person  is  as  follows:  3-hr  occupation  -  75  sq  ft,  12«br  occupation  - 
100  sq  ft.  A  aoi’Toal  dimensional  shelter  has  Its  length,  width,  end 
height  aKproxixaateiy  equal.  If  the  surface  area  relative  to  cuble 
capacity  Is  abnormally  large  as  for  Instance  In  narrow  trenches, 
consideration  of  cubic  capacity  and  air  composition  may  become  more 
Important  than  sinrface  area  and  vice  versa.  The  high  proportion  of 
surface  area  of  a  trench  compared  to  the  volume  of  air-space  gives 
the  trench  shelter  a  high  relative  capacity  for  heat  absorption. 

This  fact  cdl,o«s  such  trenches  to  be  occupied  vlth  safety  on  a  scale 
idilch  corresponds  to  about  2$  sq  ft  of  total  surface  area  per 
person  (33)* 
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g.  Locatloa»  Th&  Callavliig  ftmtiamftgtal  conelderationv 
apply  to  the  location  of  any  protective  shelter.  Shelters  sbouM 
he  accessible  to  personnel  who  intend  to  use  them.  Shelters  should 
be  located  so  as  to  provide  protection  against  CBR  agents,  nuclear 
weapons,  and  high  explosives.  local  weather  factors,  such  as  air 
currents  and  prevailing  winds,  should  be  studied  so  that  the  dielter 
is  not  located  where  high  concentrations  of  toxic  agents  may  accxjmu- 
late.  Both  terrain  and  earth  texture  should  be  studied  in  choosing 
a  location.  Hillsides  generally  provide  well-drained  firm  soil 
which  is  desirable.  The  shelter  should  be  underground  if  at  all 
possible  (20) • 

High  ground  generally  will  be  preferred  for  shelter 
sites  because  of  better  dralneige.  Care  should  be  taken  to  avoid 
location  over  gas,  water  mains,  and  siibterrsinean  construction. 

Equally  important  is  the  fact  that  locations  near  or  under  hazardous 
constructions  such  as  tall  chimneys,  water  tanks,  tall  buildings, 
etc.,  must  be  avoided.  Hazardous  constructions  could  cause  espe* 
daily  destructive  debris  loads  (32). 

h.  Elevation.  The  elevation  of  the  shelter  with  respect 
to  the  original  ground  level  is  inq^ortant,  particularly  so  when  the 
shelter  is  subjected  to  the  effects  of  atomic  weapons  and  chemical 
warfare  agents.  Placing  the-  shelter  below  the  ground  surface  tends 
to  increase  the  intensity  of  war  gaae*  which  accumulate  in  low 
places.  Fragments  and  blast  from  fl.  B.  weapons  detonating  on  the 
ground  have  little  effect  against  burled  shelters  except  for  direct 
hits.  The  optimum  placement  of  an  atomic  shelter  is  deep  enough  to 
provide  sufficient  cover  to  protect  against  gamma  rays  and  neutrons. 
When  a  shelter  projects  above  or  partly  above  the  grcxmd  surface,  It 
is  particularly  vulnerable  to  drag  forces  from  an  atomic  explosion. 

i.  Radiation  Attenuation  Factors.  The  attenuation  of 
prompt  geimma  radiation  by  any  material  is  approximately  proportional 
to  the  density  of  the  material.  Therefore,  the  main  construction 
materials  rank  in  attenuatloc  effectiveness  In  the  following  descend¬ 
ing  order:  steel,  concrete,  soil,  and  timber.  The  average  energy 
of  the  prompt  gamma  radiation  from  a  nuclt/ar  explosion  is  about  U.5 
Kov.  The  necessary  thicknesses  of  various  materials  to  attenuate 
gamma  radiation  of  this  energy  by  certain  factors  la  contained  in 
Table  XV  (2). 

Attenuation  of  prompt  gannia  radiation  which  is  essen¬ 
tially  directional  depends  on  alont  thickness  rather  than  on  minimum 
thickness  of  the  shielding  material. 

Attenuation  of  neutrons  from  a  nuclear  explosion  In¬ 
volves  several  different  phenomena.  First,  the  very  fast  neutrons 
must  be  slowed  down  into  the  lotemmdiate  rax:ge;  this  requires  a 


V 


■ 


20 

TO 

100 


Steel 

U90 

14 

5 

10 

15 

Concrete 

lU4 

6 

17 

35 

52 
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suitable  scattering  material,  sucsh  as  one  containing  barium  or  iron. 
These  neutrons  must  tben  be  decelerated  intacthe  slov'-remge  by  laeana 
of  an  element  of  low  atomic  weight.  Water  is  very  satisfactory  In 
this  respect,  since  its  two  constituent  elements,  1,  e.,  hydrogen 
and  oxygen,  both  have  low  atomic  wei^ts.  The  slow  neutrons  must 
then  be  absorbed.  This  is  not  a  difficult  mtter,  since  the  hydro¬ 
gen  in  water  will  serve  the  purpose.  Unfortunately,  however,  most 
neutron  captxire  reactions  are  acconqpanied  by  emission  of  gamma  rays. 
Consequently,  sufficient  gamma  attenuating  material  must  be  included 
to  minimize  the  escape  of  gamma  rays  from  the  shield  (2). 

In  general,  concrete  or  damp  earth  would  represent  a 
fair  compromise  for  neutron,  as  well  as  for  gamma  ray,  shielding. 
Although  these  materials  do  not  normally  contain  elements  of  high 
atomic  weight,  they  do  have  a  fairly  large  proportion  of  hydrogen, 
in  the  form  of  water,  to  slow  down  and  capture  neutrons  as  well  as 
calcium,  silicon,  and  oxygen  to  absorb  gdmraa  radiation.  A  thick¬ 
ness  of  10  inches  of  concrete,  for  example,  will  decrease  the  neu¬ 
tron  dose  by  a  factor  of  about  lOj  20  inches  of  concrete  will  pro¬ 
vide  a  decrease  by  a  factor  of  roughly  100.  Damp  earth  may  be  ex¬ 
pected  to  act  In  a  similar  manner  (2) . 

An  adequate  neutron  shield  must  do  moi'e  than  atten¬ 
uate  fast,  neutrons.  It  must  bo  able  to  capture  the  slowed  down 
neutrons  and  to  absorb  any  gamma  radiation  accompanying  the  capture 
process  (2). 

Estimted  data  on  the  attenuation  of  neutrons  is 
contained  in  Table  XVI. 


TIaibXe  XVX«  I}ettt3ron  Attenuation  Tbicknesses  (in.) 


Material  Attenuation  Factors 


0.1  0.01  0.001  0.0001 


Concrete 


Wet  Soil 


The  attenuation  of  fallout  ganma  radiation  ty  any  ma¬ 
terial  is  approximately  proportional  to  the  density  of  the  material. 
The  average  energy  of  fallout  gamma  radiation  is  0.7  Mev.  Ibe  neces 
eary  thicknesses  of  various  materials  to  attenuate  gamma  radiation 
of  this  energy  hy  certain  factors  is  contained  in  Table  XVII  (2),. 

Table  XVII.  Gamma  Fallout  Attenuation  Thicknesses  (in.) 
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j .  Fallout  Shelters.  A  shelter  may  be  designed  purely 
for  protection  against  fallout.  In  this  case,  the  cover  support 
would  be  designed  to  support  the  dead  load  of  the  cover  only. 

Since  a  fallout  situation  involve  a  shelter  period  of  dnys^ 
ventilation  of  the  shelter  becomes  a  critical  problem. 

For  fallout  protection,  the  quickest,  cheapest,  and 
most  effective  ecaorgency  measure  is  the  covered  trench.  The 
trenches  should  be  U  ft  to  6  ft  deep  and  2  ft  to  3  ft  wide.  They 
should  be  covered  with  corrugated  metal,  timber,  or  any  other  mate¬ 
rial  capable  of  supporting  2  to  3  ft  of  eai'th  cover  {*40). 

The  attenuation  factors  for  various  structures  are 
contained  in  Table  XVIII. 

An  FCDA  family-type  shelter.  Fig.  l6,  aeml-burled, 
with  3  ft  of  cover  and  a  closed  cittrance  provides  an  attenuation  of 
0.0002  (17). 
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Table  mn.  Fallout  Protectioa  (U-S) 


Protection 

Attenuation 

Factor 

Wooden  abed 

0.65 

Wooden  barn 

0.50' 

Frame  bouse 

Top  floor 

0.50 

Ground  floor 

0.35 

Basement 

0.05  -  0.10 

Brick  bouse 

Ground  floor 

0.15 

Basement 

0.02  -  0.05 

Subsurface 

<0.01 

16.  FCDA  PbalUr. 


(a)  l>4rlag  Operation  IBAPOT,  taeasurctaento  verft  aade 
on  dunsnles  exx-tj&cd  to  a  contamlnatli^g  radiation  field .  iPablc  XXX 
given  the  leaulte  of  these  t&easurciociita . 
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T/thlft  XDL.  lotenalty  of  Fallout.  VlUiin.  3belter» 
Exposed  to  a  Contamlhatiiig  Field 


Shelter  Conditions 

Estimated 
Field  Intensity 

Dosimeter 
_  Type 

Open 

Area 

Wood 

Shack 

Slit 

Trench 

Slit  trench  with 

3  ft  earth  cover 

50-75  r/hT 

Chemical 

300r 

150r 

125r 

at  1  hoxir 

OT-60/PD 

i+15r 

370r 

250r 

50-75  r/hr 

Chemical 

300r 

150r 

small 

at  1  hour 

'eT-60/PD 
- : - 

olOor 

260?” 

These  figures  include  proo^t  radiation  doses  and  are  for  a  72*liour 
exposure  to  the  coatacjinatlnK  field.  (C) 


(G)  A  teat  vaa  csade  to  detenalne  the  ajaouut  of 
shielding  provided  hy  field  fortifications  located  la  unifora  flelda 
of  gaaasa  radiation.  Sevei'al  types  of  field  fdrtlflcatlons  were  con¬ 
structed  In  a  relatively  sosocth,  grassy  field  and  vere  then  auh^ct- 
ed  to  gantna  radiation  froffl  cobalt-60  capsules  distributed  uniformly 
over  the  field.  Attenuation  factors  for  the  various  field  fortifica¬ 
tions  as  indicated  by  this  test  ore  as  fbUovs: 


Prone  shelter  0.05 

One-  "^r  tuo<><aan  foxhole  0.01 

Trench  O.Ql 

horseshoe -type  emplacement  0.01 


These  flgurao  hoW  tnte  only  when  tliero  la  no  contamination  vlthin 
the  fortification,  if  the  fortification  Is  contaslnated,  the  in¬ 
terior  dose  will  be  about  50  percent  of  that  outside.  If  kept  ua- 
contamlmted,  such  fbrtlficetlon&  will  provide  at  least  80  percent 
to  90  percent  protection  at  only  6  In.  bejov  ground  level  (U4).  (C) 

(C)  Sources  of  data  (U5,  h6)  on  the  military  effects 
of  faiJout  give  attenuation  factors  for  various  field  fortifications. 
These  factors  arc  for  fluting  espluccBienta;  however,  th<*y  would  be 
consei-vatlve  for  rhe iters  which  would  not  have  firing  apertures. 

The  attcaiatiou  'fbetoro  ore  listed  in  Table  XX.  (C) 
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Talsle  ZX»  field  .Fortification.  Atterioablon 
Factora  agiOliist  FaLlput  (C) 
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Fortification 


Estimated  Attemiation  Factqrg 
Unmodified  Modified tcT 


Open 

Foxhole,  l4  ft  Earth  Cover 

Foxhole,  4|-  ft  Earth  Cover 

Emplacement (^),  6‘  x  8*.  Open 

0.08 

0.02 

0.003 

0.002 

0.0003 

0.0002 

0.25 

0.10 

Enplacement,  6*  x  8',  l4  ft  Earth  Cover 

0-006 

0.003 

Emplacement,  6*  X  8',  4|  ft  Earth  Cover 

0.0006 

0.0003 

(a)  Minimum  dimensions  -  2*  x  1^'  deep 

(b)  Minimum  depth  -  4  ft 

(c)  Modifications  -  Increase  depth  to  6  ft.  not  including  drainage 

sufl^.  Place  tarpaulin,  shelter-half,  etc.  on 
a  frame  over  open  shelters. 

Place  spoil  berm  or  sandbagging  to  height  of 
12  Inches  around  perimeter  of  open  belter. 

Extend  cover  overhang  of  covered  shelter. 

Place  protective  curtains  ever  entrance. 


An  open  trench  3  ft  wide  and  6  ft  deep  has  aa  atten¬ 
uation  factor  of  0.1  against  fallout  radiation  (47) • 

h.  Construction .  Emergency  shelters  will  be  constructed 
by  available  mechanical  and  manual  nveans.  Mechanical  equipment,  if 
available,  will  make  possible  the  most  rapid  construction  of  shel¬ 
ters.  Equipment  such  as  power  shovels,  dragline  ci^anes,  and  bock- 
hoes  could  be  used  in  construction  of  variable  slse  shelters,  Hhcee 
machines  are  very  effloient  In  excavating  and  in  placing  earth  cover 
or  heavy  shelter  forms.  Scrapers  and  dozers  can  bo  used  for  excava¬ 
tion  of  trenches  although  the  large  widths  of  tlic  resulting  trentshes 
may  be  undesirable.  For  example,  the  blade  width  or  dozers  vary 
from  about  6  ft  for  the  4 -ton  dozer  to  about  12  ft  for  the 

large,  28-ton  dozer.  A  typical  example  O'f  a  dozer  excavating  a  vide 
trench  is  shown  in  Fig.  17.  A  bulldozer  is  preferred  over  an  angle- 
dozer.  Scrapers  are  not  an  efficient  piece  of  equipment  for  con¬ 
struction  of  shelters  since  they  aro  designed  for  shallow  cuts  and 
oeedium  to  long  hauls. 
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Fig,  17,  Dozer  excavating  a  wide  trench. 


Mechanical  treaohera  are  very  efficient  In  the  exca* 
vatlon  of  tixjnchea,  A  military-type  trencher  is  ahown  In  operation 
in  Fig.  18.  A  typical  trench  foraed  by  this  equipment  le  Shovm  In 
Fig.  19.  This  trencher  will  form  a  trench,  S  ft  vide  and  6  ft  deep, 
at  tlie  rate  of  100  ft  per  0  minutes  in  a  non-rocky  soil  of  rcason- 
able  consistency  and  strength.  Commei'clal  trenchers  will  excavate 
trenches  of  greater  depth. 

A  truck -mounted  earth  auger  is  currently  undergoing 
testing  by  the  Cox*ps  of  Engineers.  Ihle  equipment  is  shown  in  the 
traveling  position  and  In  the  drilling  position  in  Figs.  20  and  21 
respectively.  It  is  capable  of  drilling  boles  23  ft  deep  with  di¬ 
ameters  varying  from  8  In.  to  6  ft.  A  42-ln.  diameter  hole  drilled 
by  the  auger  is  shown  In  Fig,  22.  This  equipment  would  only  be  of 
value  where  a  nuniber  of  small -capacity  shelters  would  be  desired. 

Materials .  Many  structuj'al  materials,  Including 
steel,  concrete,  and  wood,  exhibit  Increased  stroigth  when  subject¬ 
ed  to  rapid  rates  of  strain  such  as  would  occur  when  the  materiel  la 
exposed  to  a  blast  wave.  For  high  rates  of  loading,  the  yield  point 
may  be  Increased  50  percei: or  more  over  the  value  at  low  rates  of 
loading.  If  ductile  materials  are  used  In  blast-resistant  design, 

It  is  possible  end  may  be  desirable  for  economic  reasons  to  permit 
strains  beyond  the  elastic  limit  (2). 
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Fig.  19.  Tpcnob  excavated  by  trencher. 
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Fig.  2Si,  Auger  ^2  la.  dla* 


Maes  Is  la^rtant  in  bletst-reaiatant  deelgo  slace  M 
structural  dleplacemcat  tatcce  place,  the  various  wasses  undergo 
large  accelerations.  Other  things  being  equal,  a  heavy  structure 
vlll  \isually  withstand  the  action  of  blast  better  than  a  structure 
that  is  less  msslve  (2). 

When  structural  materials  are  chosen.  It  should  he 
home  in  mind  the*-  the  energy  absorbed  by  a  structure  undergoing 
plastic  defoi'isation  can  mahe  on  important  contribution  to  resist¬ 
ance  to  dynsjnlc  loading.  Brittle  taaterlala,  e.  g.,  glass,  cast 
Ij-on,  o^-'.  inrelnforced  masonry,  cannot  tolerate  strains  heyond  ^ 
elaati(  limit  vitliout  sulTering  failure. 

It  Is  desirable  In  the  construction  of  bearing  walls, 
supporting  floor,  and  X'oot  oystema  to  avoid  the  use  of  unreinforced 
brick,  stone,  or  block  since  they  are  vulnerable  to  relatively  low 
pressures  acting  transversely  to  the  walls  (2). 

Metal  and  concrete  pipe  can  be  utilised  efficiently 
for  emergency  shcltoro  because  a  px'e fabricated  cover  support,  revet¬ 
ment,  and  flooring  are  provided.  Seal!  pipe  sizes  can  be  used  os  a 
prefabricated  entrancoway. 

« 

Corrugated  metal  sheeting  can  be  used  as  a  cover  sup¬ 
port  and  06  a  revetting  material  providing  It  is  adequately  braced. 
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Vlre  screening  axtS.  t&rpsper  can  te  nsed  as  a  revets 
ting  material  providing  It  Is  adeq^tely  braced^  Tarpaper  st3X 
furnish  a  certain  amount  of  protection  against  soil  moisture. 

Corrugated  metal  pipe  half -sections  can  he  utilized 
as  a  cover  support  or  a  complete  shelter  support.  Since  this  mate¬ 
rial  Is  nestable.  It  can  be  efficiently  stored.  It  requires  fabri¬ 
cation  but  can  be  placed  by  hand. 

Sandbags  and  masonry  blocku  can  be  used  for  revetment, 
but  a  certain  amount  of  overexcavation  is  required  if  they  arc  placed 
below  ground.  They  are  vtilnerable  to  gi'otn^  shock  and  air  blast. 

6.  Shelter  Types.  The  types  of  emergency  OY  improvised  bel¬ 
ters  vary  with  the  amount  of  effort  and  material  required  and  tee 
degree  of  protection  desired.  For  the  purposes  of  this  report,  the 
types  of  shelters  will  be  divided  into  shelters  furnishing  mlnlmua 
protection  in  tee  fastest  time  and  those  furnishing  maximum  protec¬ 
tion  consistent  with  avallsible  material* 

a.  Simple  Shelters.  These  shelters  are  readily  con¬ 
structed  with  a  limited  amount  of  effort  and  expendltvvre  of  oaterl- 
ale.  They  are  elYective  against  non-direct  hlta  of  H.  E.  veapoxui. 
They  are  limited  in  protection  against  nuclear  weapons  and  ineffec¬ 
tive  against  chemical  and  biological  warfare  agents. 

(l)  Prone  Shelter.  Prone  ohelters  arc  used  primar¬ 
ily  In  rear  areas  to  protect  men  from  bomb  and  shell,  fragments. 
They  also  protect  against  small  arms  fire.  They  asre  not  ss' ef¬ 
fective  as  Ibteoles.  Kjwever,  they  can  be  dug  quickly.  ®ms 
prone  shelter  ie  normlly  2  ft  ylde  and  2  ft.  deep.  The  length 
is  subtly  longer  than  tee  human  body. 

Open  Trench.  Trenchea  should  have  a  depth  at 
least  exceeding  the  height  of  a  tall  t&an,  1.  c.,  a  colnlmum  depth 
of  6  ft  6  In.  Desirable  widths  ehould  be  2  ft  6  In.  at  tee 
bottom  and  3  ft  9  at  the  top.  However,  the  trench  should 
be  excavated  to  Its  maximum  depth  only  for  one-half  of  Its  width 
while  tee  other  half  should  be  excavated  l8  In.  shallower.  Tbl* 
will  provide  a  I'cady-madc  bench  to  seat  personnel. 

In  order  to  localise  the  effects  of  an  exploding 
H.  E.  bomb,  trenches  should  be  made  not  straight,  but  cither 
2lg7.«g  or  traversed,  with  not  nwre  than  10  yd  between  angles 
and  traverses.  Lines  of  trenbheo  should  be  ^jpaoed  at  least  19 
yd  apart  (h8). 


In  unstable  soils,  revetting  of  the  trench  valla 
will  be  Dccesaary  and  It  la  desirable  even  in  stable  soils  since 


grotmd  sbodk  Induced  by  blast  Bsy  cause  vallo  to  collaxwe. 
fliie  will  necessitate  overexcavattug  the.  tr«id!i  in  order  to 
provide  space  for  the  revetting  material.  The  open  trench  is 
effective  a^lnst  H.  E.  weapons  except  for  direct  hits  and 
overhead  air  detonations.  The  protection  against  nuclear  weap¬ 
ons  is  veiy  limited. 

(3)  Foxhole .  The  fojdiole  serves  as  a  combination 
shelter  and  fluting  emplacement.  Ordinarily,  a  foxhole  is 
constructed  in  two  sizes,  one-man  and  two-man.  Minimum  dimen¬ 
sions  are:  width  -  2  ft,  depth  -  U  ft,  and  length  -  3*5  ft 
for  one  man  and  6  ft  for  two  men.  Ihe  protection  afforded  by 
a  foidiole  is  approximately  equal  to  that  afforded  by  a  ditch. 
However,  the  construction  time  and  coat  per  person  sheltered 
Is  much  greater  for  foxholes  than  for  ditches. 

(4)  Covered  Trench.  The  dlgglxig  of  trenches  and 
provision  of  overhead  cover  is  perhaps  the  easiest  why  to  pro¬ 
vide  protection  against  moat  weapons  (42)* 

Desirable  dimensions  are  the  same  as  for  the 
open  trench  even  when  the  cover  support  is  placed  helov  the 
ground  surface.  In  this  case,  the  whole  trench  is  placed  at 
the  depth  necessary  to  maintain  the  interior  height  of  6  ft 
6  in.  minimum. 

Against  H.  B.  weapons,  trenche a  provided  with 
overhead  cover  are  equal  in  protective  value  to  underground 
dugouts  and  galleries  with  the  earns  depth  of  ovesheod  cover  (43) 

The  covered  trench  is  very  effective  against 
nuclear  weapons.  Its  open  entrance  la  the  only  apparent  weai?- 
ness  against  nuclear  weapons  when  blast  beoomee  critical. 

Beams  utilized  for  the  cover  support  should  be 
at  least  three  times  the  top  width  of  the  trench  to  order  to 
provide  sufficient  bearing  area  on  the  sides  of  the  trench  to 
prevent  collapse  Of  the  trench  walls. 

The  cover  over  a  covered  trendi  consists  of  3  ft 
minimum  of  earth  emd  a  simple  beam  type  of  cover  support, 
tboden  logs  or  beams  would  be  suitable.  Tills  uaturial  would 
be  supported  by  the  earth  sides  of  the  trench. 

b.  Si^iecial  Shelters.  Special  shelters  require  consider¬ 
ably  more  effort  and  expenditure  of  materials  than  do  simple  shel¬ 
ters.  They  will,  of  course,  furnish  greater  protection  than  the 
simple  shelters.  The  design  problem  Is  quite  difficult  and  varies 
considerably  with  the  elevation  of  the  shelter  Itself.  For  l^is 
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reason,  the  design  of  special  shelters  has  been  considered  according 
to  the  relationship  between  the  shelter  and  the  orlgliii^  ground 
surface. 

(l)  S\irface  belters  ■  Surface  shelters  are  situated 
entirely  above  the  surface  of  the  ground* 

Surface  shelters  are  built  only  ^en  ground  con* 
ditions  prohibit  construction  of  underground  Shelters  and  ^en 
the  situation  permits  expenditure  of  the  necessary  time  and 
labor  (30). 


Ibe  advantages  of  surface  shelters  are:  they 
are  adaptable  to  unfavorable  soil  condltionej  they  are  readily 
accessible  and  may  be  evacuated  qitLckly  throu^  an  emergency 
exit]  the  degree  of  protection  may  be  increased  by  adding  sand* 
bags  or  earth-filled  timber  cribs  to  exterior  surfaces;  they 
are  not  exposed  to  intense  earth  shock  from  boaibs  exploding  in 
earth  (l). 

The  disadvantages  of  surface  shelters  are:  they 
are  subject  to  drag  forces  from  nuclear  weapons;  they  require 
a  large  quantity  of  earth  cover  as  part  of  their  protectl<n^; 
the  entrances  are  particularly  vulnerable  to  nuclear  weaponai 
stability  of  the  structure  requires  a  certain  amount  of  cohti* 
nuity  between  roof,  walls,  and  floor* 

(2)  Burled  Shelters.  Burled  shelters,  including 
their  earth  cover,  are  entirely  below  the  surface  of  the  ground* 
This  is  the  most  effective  design.  It  will  give  the  greatest  , 
protection  of  the  three  designs  considered  here. 

Elevation  of  the  giuiind  water  table  will  have 
importtmt  bearing  on  the  question  of  whether  a  burled  shelter 
will  be  used.  Construction  details  of  laprovleed  shelters 
probably  will  not  include  waterproofing  of  the  interior  of  the 
shelter. 


Revetment  will  probably  be  one  of  the  main  )^rob- 
leme  unless  a  pipe  section  is  used  for  a  ehelter* 

^3)  Seml-Bur^d  Sheltere.  Serai-burled  shelters  pro¬ 
ject  partly  below  ajvi' partly  aWve”the  ground  surface.  This  la 
probably  the  oost  widespread  design  to  be  utilized  because  of 
oavlngs  In  time  and  tsaterlal.  This  design  Is  efficient  in  pro¬ 
tection  and  economical  In  expendltuie  of  tlas  and  material.  It 
usually  would  require  lees  constiuotlon  than  either  of  the  other 
special  shelters  primarily  because  the  burled  shelter  would  re¬ 
quire  greater  excavation  and  tho  surface  shelter  would  require 
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ercavation  from  a  Twrsow'  pit  for  Its  eartb  cofver  tte 
cavatlon  for  tiie  8e]si<''biirled  ^Itar  faralabea  the  oeceesaiy 
earth  cover. 

Placing  of  this  6ti*uctxiral  design  so  that  the 
cover  support.  If  flat,  vould  rest  Just  helow  the  ground  sur¬ 
face  voiild  eliminate  drag  loading  on  any  part  of  the  shelter 
except  the  earth  cover.  Drag  loading  will  he  quite  severe  on 
any  portion  of  the  shelter  that  protrudes  above  grade. 

7.  Atomic  Test  Shelters.  Following  are  descriptions  of  the 
effects  of  atomic  weapons  on  personnel  shelters.  Emergency-type 
shelters  and  other  types  of  shelters  vhioh  may  contain  data  of 
value  in  the  design  of  emergency  shelters  are  included. 

(C)  A  type  of  outdoor  family  shelter  was  tested  during 
Operation  TSAPOT.  It  was  an  ahove-grovmd,  utility-type  shelter, 
Fig.  S3,  ^ich  could  he  used  as  a  tool  ^ed  vhen  not  needed  as  a 
shelter.  The  inside  floor  dimensions  were  6  by  6  ft,  and  the  in¬ 
terior  was  7  ft  hi^.  All  walls  except  the  one  with  the  door  were 
6  In.  thloh.  The  wall  with  the  djoor  was  8  in.  thick*  The  outside 
shelters  were  constructed  of  masonry  block,  precast  reinforced 


Fig.  23.  Outdoor  family  she iter-utlltty  shed. 
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condrctef  or  poured-ln-place  relcforcod  coacrete.  One  of  each  of 
the  three  types  was  tested  at  three  different  pressure  levels.  Bie^ 
three  types  of  outside  riielters  vere  siibjected  to  the  effects  of  a 
30-KII  veapon  on  a  500-ft  tower  at  distances  of  2250^  2750»  3750 

ft.  These  utility  shelters  failed  at  12  psl.  Those  at  the  farttiesiP 
distance  would  have  heen  dangeious  for  occupants  because  of  failure 
of  the  Interior  door.  The  utility  shelter^  did  not  reduce  radlatlo® 
doses  to  an  acceptable  level.  Fastening  of  the  interior  doors  In  am 
open  position  would  have  eliminated  the  missile  hazard  to  occupants.* 
Since  a  shelter's  design  criteria  should  be  based  on  the  effects  of 
any  probable  weapon  wnd  in  view  of  high-level  fallout  radiation  ftow 
hi^-yield  weapons,  it  was  reconmeeded  that  the  concept  of  an  above¬ 
ground  shelter  of  this  type  be  dropped  unless  the  shelter  is  rede¬ 
signed  to  Include  a  large  amount  of  overhead  earth  cover  and  a  radi¬ 
ation  baffled  entrance  (35) •  (C) 

(C)  Underground  personnel  shelters,  Fig.  9p  which  were 
capable  of  aoconEodating  50  j^rsons  were  also  tested  during  Opera¬ 
tion  TEAPOT.  These  shelters  vere  of  reinforced  concrete  and  includedi 
a  stairway  entrance  with  two  90-degree  bends  and  also  an  escape  hatchi.. 
The  entranceway  Included  a  blast-resistant  door  into  the  shelter 
proper  and  a  horizontal  blast-resistant  sliding  door  at  the  ground 
surface.  With  tbs  entrance  and  hatch  closed,  there  was  no  damage 
from  kj  and  92  pel  or  from  thermal  effects.  The  earth  cover  was  5 
ft  6  la.  deep.  Attenuation  of  gaum  radiation  was  great.  Blght- 
thousaad-flve-huadxed  roentgens  Just  below  the  sliding  door  was  at¬ 
tenuated  to  less  than  Ir  within  the  shelter  proper.  On  another  ahotv 
25,5(K)r  Just  inelde  the  sliding  door  was  attenuated  to  1  to  2r  vlthlJi® 
the  shelter  pst)per.  For  the  initial  shot,  2,87  x  lO^i  ^t  ncutrons/CB 
at  the  surface  was  attenuated  to  1.72  x  1(P  ncuti‘ons/co  .  IShere  waa- 
no  sfleasuremset  of  slow  acutrona.  The  fast  neutron  ^ndiatlon  Inelde 
was  equivalent  to  109  roentgen  equivalent  man  (rem).  for  the  later 
shot,  1.53  X  10^  fast  neutrone/cm  at  the  surface  was  attenuated  to 
h.Ol  X  10»  tteutrotts/cm2,  A  slow  neutron  surface  intensity  of  3  x  I0l3> 
slow  neutrens/em®  was  attenuated  to  2.33  x  10®  neutrons/c©  •  The  fsait 
and  slow  oeution  interior  doses  were  equivalent  to  256  rea  and  19  reis^ 
respectively  <35)-  (<2) 

(C)  Shelters  of  the  eai«  design.  Fig.  9»  were  also  tested 
with  the  doors  and  escape  hatches  open  but  partially  obstructed  to 
meter  air  Into  the  choidbers  slowly.  He  shelter  was  divided  into 
toa  clmbcrs  by  a  wlaforced  concrete  wall.  The  chamber  into  ^Ich 
the  escape  batch  entered  was  referred  bo  as  the  "slow -fill'*  room, 
and  the  other  chamber  was  referred  to  as  the  "fast-fill'*  room. 

Caoma  ladlatlon  oeasurementa  were  blglier  than  in  the  closed  eheltere. 
The  radlotlon  Intenolty  at  the  first  9a-degr5e  bend  in  the  entrance 
was  16  times  as  great  as  It  was  in  the  closed  shelter  for  the  Initial 
shot,  ihe  reduction  must  be  attributed  to  the  shielding  afforded  by 
the  concrete  sliding  door  that  was  used  to  seal  the  atruoture.  Even 
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thoti;^  Idle  ^ntzaucevaor  vas  opeB,  it  vss  effectlire;  In  reducing  gmaaft 
radiation  to  a  general  leveL  a£  aliout  25  to  ^  in.  the  faat>f 111 
chamber.  The  area  directly  under  a  ventilation  pipe  received  about 
U.Or  vhich  con  be  attributed  to  radiation  scatter  at  the  pipe.  The 
Intensity  of  gamma  radiation  In  the  slov-flU  side  varied  from  a 
high  of  about  530r  directly  under  the  escape  hatch  opening  to  6^t  at 
the  diagonally  opposite  comer.  The  radiation  gradient  in  this  cham¬ 
ber  plus  the  generally  hif^er  level  of  radiation  ^dien  compared  with 
the  fast-fill  chamber  can  be  attributed  to  the  amount  of  radiation 
scatter  from  the  escape  hatch  opening  J  The  second  shot  involved  a 
higher  ganaia  intensity.  The  Intensity  at  the  first  90-degree  bend- 
in  -the  entrance  was  three  times  as  great  as  it  was  for  the  Initial 
shot.  The  dose  within  both  chambers  was  twice  as  great  as  It  was 
for  the  initial  shot.  The  fast  neutron  dose  within  the  fast-fill 
chamber  was  h  times  as  large  as  it  was  in  the  closed  shelter  for  the 
initial  shot.  The  total  neutmn  dose  for  the  later  shot  in  the  open 
shelter  as  centred  with  the  closed  shelter  was  U  times  and  12  times 
as  large  for  the  fast-fill  and  slow-flll  chambers,  respectively. 
Thermal  effects  within  both  chambers  from  both  shots  were  limited. 

Olie  fur  of  experimental  animals  was  singed  only.  Tbtermal  energy 
within  the  shelters  was  apparently  heated  air  rather  than  reflected 
thermal  rays.  The  measured  peak  temperatures  varied  from  150  to 
350  C,  but  the  duration  was  very  short.  The  large  ratio  of  interior 
cross -section  to  doorway  or  hatch  aperture  caused  a  rapid  cooling  of 
the  heated  air.  The  surface  overpressure  cf  47  pci  from  the  InltleJi, 
sliot  was  reduced  to  S6  to  37  psl  within  the  fiast-flll  chaaiber  and  2 
to  7  psi  within  the  slow-flll  chamber.  The  surface  overpressure  of 
92  psl  fim  ti-se  second  shot  was  reduced  to  64  to  74  psl  within  the 
fost-flll  chamber  and  22  psi  within  the  elov-flU  chamber  (35)*  (C) 

(Q)  Comparison  tests  wore  conducted  on  covered  and  uncov¬ 
ered  trench  slieltors,  Fig.  5>  at  Operation  TlSCBl®.  The  trenches 
were  "Z"  shaped  with  the  middle  or  main  portion  being  25  to  30  ft 
long  and  24  to  26  In.  wide.  The  amais  of  the  shelters  were  the  en¬ 
trances  ond  varied  from  8  to  11  ft  in  length  and  were  dug  to  a  depth 
of  2  ft  at  their  outer  edge  and  sloped  to  the  level  of  floor  of 
the  main  trench.  The  depths  of  the  mala  portion  varied  from  5  td  6 
ft.  The  covered  trenches  wore  covered  by  2  ft  of  earth  which  was 
supported  by  2-  by  12- in.  wood  planking  that  overlapped  the  sides  of 
the  trench  by  at  least  2  ft.  Different  shapes  of  the  cover  were 
provided  for  comparative  pm-poses.  The  trenches  were  constructed  at 
various  distances  from  ground  zero.  The  weapon  was  the  nominal  or 
20  Kf.  Protection  against  gamma  radiation  varied  coaslderahly  with 
distance,  e,  g.,  the  attenuation  factor  for  the  covot-ed  shelter,  3  fl 
above  the  floor,  was  0.l4  at  625  ft  fsvm  ground  zero  while  that  at 
4925  ft  was  0.012.  Attenuation  factors  for  the  uncovered  trencdi  at 
3  ft  from  the  bottom  ware  O.18  and  0,07  for  625  a»id  4925  ft,  respec¬ 
tively.  tn  comparison  with  the  3-ft  level  in  the  covered  tj-ench, 
attenuation  at  the  l8-iu.  level  van  5^^  to  100  percent  greater,  1.  e. 
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0.09  and.  QJOOSj  at  625  and  ft,  respectively.  Test  results 
showed  that  the  earth,  mound  forming  the  cover  ^ould  be  shaped  broad 
and  flat.  The  peaked  mound  of  the  covered  shelter  at  one  position 
was  greatly  lowered  '(dille  the  flat,  low  momd  formed  from  the  spoil 
of  the  mcovered  shelter  at  that  position  was  only  slightly  altered 
by  the  blast.  Test  results  Indicated  that  the  2-  by  12-iii.  cover 
support  was  capable  of  withstanding  I5  psi  overpressure.  No  measure- 
n^nts  were  made  of  thermal  radiation,  hut  it  was  estimated  that  the 
thermal  effects  within  the  shelters  were  negligible  (28).  (C) 

(C)  Testa  were  conducted  during  Operation  BUSTER  to  eveO.- 
uate  the  protection  al'forded  by  foxhole -type  field  fortifications 
against  the  nuclear  radiation  from  atomic  weapons.  Standard  fox¬ 
holes,  as  described  in  FM  5-15  (30)>  provide  considerable  protection  . 
from  the  nuclear  radiations  emitted  during  an  atomic  detonation. 

The  standard  two-man  foxhole  will  receive  only  one-eighth  the  amount 
of  gamma  radiation  at  the  bottom  as  received  at  the  top  of  the 
foxhole  (U9) .  (C) 

(C)  Ibree  types  of  communal  shelters  were  tested  dur.  Jg 
Operation  UPSHOT -KNOTHOIE.  Shelter  60I,  Pig.  8,  consisted  of  a  48- 
ft  concrete  pipe  90-in*  1*  D. ,  buried  3  ft  with  one  end  closedj  the 
entrance  was  from  a  single  ramp  parallel  to  the  axis  of  the  pipe. 

Shelter  602,  Fig.  7#  consisted  of  one  24-ft  section  of  90-tn.  I.  B. 
corrugated  metal  pipe  and  one  2U-ft  section  of  90-in,  I.  D,  concrete 
pipe,  buried  3  ft  with  one  end  closed;  the  entrance  was  from  a 
doubi.fT  parallel  to  the  axis  of  the  shelter.  Shelter  613,  Pig* 
consisted  of  a  12-ft  section  of  9^-in.  I.  D.  steel  pipe  placed 
above  ground,  covered  with  3  ft  of  sandbags  atid  mounded  eai*th  (34).  (C) 

(0)  Shelters  60I  and  602  ware  oDhJocted  to  the  effects  of 
an  18-KT  weapon  at  1500  ft.  The  measuremants  inside  the  shelters 
gave  attenuation  factors  of  0,0005  and  0.0001  for  gamma  rays  and  neu- 
tjXHis,  respectively.  The  exterior  gcama  dose  was  17,000r.  Dosages 
near  the  doorways  were  higher  thei^  those  within  the  balance  of  the 
shelters  and  were  considered  to  be  due  to  scattering  fx*om  the  enti'aace- 
ways  (34).  (C) 

(C)  All  three  shelters  were  subjected  to  tlic  effects  of 
a  weapon.  Shelters  601  and  613  were  2300  ft  from  ground  sero, 

while  shelter  602  was  26OO  ft  from  ground  tero.  Oaam  radiation 
within  601  and  602  vac  very  near  the  mtnlm'Jm  meaaurable  level,  so 
the  attenuation  foctor  of  0.0002  may  not  be  reliable.  Attenuation 
factors  fraa  these  rhoto  are  not  believed  to  be  truly  representative 
of  a  situation  where  the  shelters  would  be  located  close  to  ground 
zero  under  an  air  burst.  It  is  believed  that  »n)der  these  conditions, 
the  gamma  ottenuatlon  factor  would  be  of  tije  ox'der  of  O.CO5  rather 
than  the  0.001  oboer\'cd  during  these  tests.  Gamtaa  i-odlation  within 
shelter  613  I’Onged  from  l600r  In  the  closed  end  to  34oOr  netir  the 
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Fig,  2U,  Shelter 


open  end  Of  tJie  uheiter.  The  atteiiuatlnn-  fueter  '-«=S6  onijf  0,1.  It 
ig  believed  that  the  gendbags  not  Ofi.1^  5:eg>Md  iradiaticn  but  that 
they  vere  pai'cly  deot^-oyed  by  ha^^t  cald  before  an  appreciable 

fraction  of  iJac  total  radiation  do»c  had  been  delivered-  (3^)*  (C) 


<:ONF.tDEN-riAL 


68 


(C)  Another  sshelter  was  tested  dnHtg  lIKd'  'X-ICBQHSJIiK 
against  tiia  effects  of  a  6q~K!D  weaEon.  at  \  slant  distance  of  l800  ft* 
'Biis  Bbelter  was  sisslTjar  to  shelter  602,  1.  e.,  It  consisted  of  a 
24»ft  seation  of  90-ln*  I*  D.  corrugated  metal  pipe  and  a  2U-ft  sec¬ 
tion  of  90“ln.  I.  D.  conci'ote  pipe,  buried  3  ft  with  one  end  closed) 
the  entrance  was  from  a  doiiole  ramp  perpendicular  to  the  axis  of  the 
shelter.  The  essential  d^.fferpnce  between  the  two  shelters  is  the 
orientation  of  the  entraiicowayc .  The  gaomsa  dose  within  the  shelter 
varied  from  250  to  iOOOr, the  hipest  near  tlic  entrance.  The  f’.ttenua- 
tlon  factor  vai'led  from  O.OOI67  to  0.02.  Ihe  attenuation  factor  for 
neutrons  was  0.00545  with  an  iatornal  dose  of  3  10^  neutroa/sii  cm 

(15).  (C) 


(C)  Dui'lng  Operation  B’JSTKR,  the  AEG  conducted  a  test  of 
a  communal  shelter.  The  structure,  Fig.  4,  was  made  of  90-tn.  I.  B. 
pipe,  48  ft  long.  Half  was  concrete  pipe,  reinforced,  centrifugally 
cast,  7-3/4  in.  thick)  and  half  was  corrugated  iron,  10-gauge,  ingot 
iron  multiplate.  Each  end  opened  into  a  double  tramp,  reinforced 
concrete  adjoining  the  concrete  pipe  and  steel  adjoining  the  iron 
pips,  Tne  steel  was  made  of  10-  and  12-gauge  corrugated  sheet 
and  structuinil  steel.  Scith  cover  was  3  ft  thick  over  the  concrete 
pipe  and  3  fi  6  In-  t>var  the  steel  pipe,  mounded  about  2  ft  above 
grade  and  sloped  about  1  in  10.  'Rie  test  shot  delivered  9  psi  and 
■'3,G00r  to  the  shelter  at  giX)und  level.  Damage  to  the  shelter  fi'oia 
blast  prcsaus'sj  was  negligible.  It  consisted  of  a  permanent  deflec¬ 
tion  downward  of  leso  than  1  in.  Minor  tension  cracks  developed  In 
the  joints  and  the  top  and  bottom  of  the  conci'cte  pipe.  Ko  damage 
was  observed  in  the  Kietal  pipe  sections .  asaasured.  Intensity  of 
gaoEtta  radiation  at  the  center  of  the  shelter  was  73^.  Son®  of  this 
was  poGBibly  duo  to  ucattorlog  through  the  entraacCB.  Even  though 
tlieitnal  energy  at  the  sui*faoe  was  60  cal/sQ  cm,  there  was  no  evidence 
of  theiTsal  effects  on  five  pieces  of  luisber  distributed  along  the 
axis  of  the  shelter  floor  (22),  (C) 

(C)  Tlio  second  sJ\ot  deiivcrod  *4  psi  aiul  35,000  rosatgeaa 
to  the  shelter  at  ground  level.  Damage  to  tiic  slvelter  from  blast 
preosuiT  was  again  negligible  except  for  removal  of  a  considerable 
anount  of  narth  cover,  The  measured  intensity  of  gamma  radiation  at 
the  center  of  the  shelter  was  260r.  Some  of  this  was  possibly  due 
to  scattiring  through  the  entrances.  Thermal  enei’gy  at  the  oitc  wa« 
1&  eal/s<\  cm  (22).  (C) 

(C)  Tiie  Uilrd  shot  delivered  25  psl  and  70,000r  to  the 
shelter  at  ground  level.  Damage  to  the  shelter  proper  w&c  light, 
consist ing  of  further  settlement  and  enlargeccnt  of  the  existing 
cracks  and  Joints,  Iho  exsunded  earth  cover  was  retroved  entirely  by 
tiie  blast  wave,  and  the  alts  was  leveled.  Ttve  ramp  entrances  Vera 
heavily  daiaaged.  Earth  swept  Into  the  rampo  by  previous  shots  and 
occupying  20  to  30  percent  of  the  shelter  entronOa  opening  cauacd 


COXFtOeNTMt, 


CONFIDENTIAL 


k 


A 

f. 


< 


69 

lower  pressures  insiie  the  dielter  in  comparison  with  those  from  the 
second  shot.  The  measured  intensity  of  gamma  radiation  at  the  e^-  ' 
ter  of  the  shelter  was  375r.  Thermal  energy  at  the  site  was  220  cal/ 
sq  cm.  A  vuoil  plate  between  the  top  of  the  dlsplaceiiient  gauge  and 
the  concrete  pipe  was  charred,  but  a  similar  wood  plate  used  with 
the  displacentent  gauge  in  the  metal  pipe  was  not  chaired  (22).  (C) 

(C)  Gemma  measurements  Indicated  the  effectiveness  of  the 
shielding  materials ,  The  slant  path  through  the  materials  consoli¬ 
dated  around  the  circular  shape  gave  obvious  shielding  advantages  - 
over  a  flat  shelter  roof  with  cover  of  uniform  thickness.  The  in¬ 
crease  In  intensity  of  radiation  near  the  open  ends,  however,  clear¬ 
ly  dictated  the  need  for  baffling  or  shielding  against  scatter- 
radiation.  The  observed  thermal  effects  inside  the  shelter  follow¬ 
ing  the  second  and  third  shots  were  une^tpected.  However,  no  measure¬ 
ments  were  made,  and  the  possible  effects  on  occi^jants  are  unknown. 
The  shelter  provided  structural  resistance  against  physical  dama^ 
from  overpressui-es  and,  it  is  believed,  against  wind  drag.  Reflected 
pressures,  varying  from  25  to  psi,  within  the  shelter  were  always' 
larger  than  surface  overpressures.  Dynamic  pressures  within  the 
shelter  caused  small  movements  of  dummies  made  of  burlap  bags,  saw¬ 
dust,  and  soil  (22).  (C) 

(C)  At  Operation  RANGER,  a  nuiriber  of  fosiholes  were  tes'ted 
for  effectiveness  against  gamma  radiution.  There  were  three  types 
of  foxholes  tes'ted;  a  prone  shelter,  one-man  foxhole,  and  two-man 
foxhole.  The  prone  shelter  was  2  ft  deep,  and  the  foxholes  were  4 
ft  deep.  Gama  measurements  were  at  12-ln.  and  24 -in.  depths  in  the 
prone  shelter  and  at  l6-in.,  32-ln.,  and  48-in.  depths  in  the  fox¬ 
holes.  The  test  shots  were  1-,  7-,  and  22 -KT  weapons  exploded  at 
2000-ft  altitude.  The  measurements  gave  variable  results.  The  doses 
at  48  inches  in  -the  two-man  foxholes  were  as  follows;  400  yd  ffom 
ground  zero,  3  to  1^  of  the  surface  dose;  80O  yd,  10  to  225^;  1200 
yd,  10  to  11^ j  1600  yd,  12  to  233^;  2000  yd,  lljt.  The  doses  at  32 
inches  in  the  t’.ro-man  foodioles  were  as  follows;  400  yd,  7  to  ll+jtj 
800  yd,  7  to  24^;  1200  yd,  9  to  175^,*  160O  yd,  l4  to  253^;  2000  yd, 
15^.  The  doses  at  I6  inches  in  the  two-man  foxholes  were  as  follows; 
400  yd,  53^;  800  yd,  l6^j  1200  yd,  5  to  29^}  1^0  yd,  17  to  203ii 
2000  yd,  19f .  Doses  within  ■tne  pi’one  shelters  were  similar  “to  those 
within  the  two-Bkai  foxholes,  i.  e.,  the  doses  at  12-inch  and  24-lnch 
depths  in  the  pi'one  shelter  were,  respectively,  slightly  greater  and 
subtly  smaller  thai;  the  doses  at  ■the  l6-inch  depth  in  -the  two-man 
foxhole  (50).  (C) 


I  •  III.  tlSCOBSION 

8.  Weapons  Effects.  An  evaluation  of  the  effects  of  weapons 
will  be  made,  and  a  critical  level  for  each  effect  will  be  brou^t  out. 
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■  a.  H.  E>  Weapons:.  Xt  is  aK)aren.-t  that  la  tbe  ot 

intprovised  shelters,  it  is  hoth  vKmecessary  and  unecoooiaical  to  pro¬ 
vide  hoab-resistaot  protection  agaloat  E»  E.  veapons.  These  sbeltera 
would  not  he  of  strategic  in^rtance.  They  would  not  he  operations 
posts j  therefore,  the  loss  of  any  one  shelter  would  not  cause  a  com¬ 
plete  operational  breakdown.  Providing  protection  against  blast  and 
fragmentation  from  a  near  miss  of  a  specified  bomb  shoiild  be  ade¬ 
quate.  This  amount  of  protection  woxild  he  effective  against  direct 
hits  of  small  artlDery  shells  and  small  aerial  bombs  such  as  la-’ 
cendiarles.  The  thicknesses  of  various  materials  necessary  for  pro- 
•tection  against  blast  and  fragmentation  as  specified  in  the  investi¬ 
gation  section.  Table  IX,  is  an  acceptable  design  level.  If  an  earth 
cover  is  Included,  a  shelter  designed  for  atomic  blast  would  possibly 
be  able  t3  absorb  the  effects  of  direct  hits  of  medium-size,  e.  g., 
105-om,  H.  E.  shells. 

b .  Nuclear  Weapons. 

(1)  Blast.  Drag  forces  are  of  such  overriding  im¬ 
portance  as  to  demand  that  shelters  be  either  placed  below 
ground  level  or  streamlined  with  soil  sloped  no  more  than  one 
in  two.  Assuming  such  provision  for  drag  forces,  then  peak 
overpressure  is  the  design  problem.  Open  shelters  need  not  be 
designed  to  withstand  pressure  above  that  which  a  human  can 
withstand.  The  range  of  such  pressure  is  highly  controversial. 
However,  it  Is  estimated  that  35  psl  or  more  is  required  for 
internal  physical  damage  due  to  crushing.  Eardrum  mpture 
pressure  is  estimated  as  being  about  20  psi.  Hence,  design 
pressure  for  an  open  shcl-fcer  need  not  exceed  30  psl,  Pro’tec- 
tion  against  higher  pressures  will  demand  a  closed  shelter j 
this  would  involve  a  fundamental  change  in  design. 

Cost  data  for  different  levels  of  blast  protec¬ 
tion  suggest  the  folic wing  relative  figures  for  a  lOO-person 
shelter:  IC-psi  blast  protection,  $30  per  person;  25-psi  blast 
protection,  $55  per  person;  lOO-psi  blast  projection,  $330  per 
person.  The  data  suggest  that  if  blast  protection  above  25  pel 
is  desired,  it  is  wiser  to  design  for  100  psi  than  to  accept, 
say,  50  psl.  These  figures  are  based  on  the  1957  dollar  (29). 

(2)  Thermal.  The  Intensity  of  thermal  radiation  for 
design  purposes' is  rather  Indefinl’te.  The  amount  of  thermal 
energy  I'eflected  by  a  soil  is  estimated  to  vary  from  a  negligi¬ 
ble  quantity  to  as  much  as  I5  percent.  If  this  maximun  figure 
is  correct,  personnel  in  foxholes  or  open  trenches  would  be 
safe  only  against  a  maximum  intensity  of  20  cal/cm^  which  would 
cause  first-degree  burns  on  unprotected  parts  of  the  body.  If 
the  negligible  quantity  is  correct,  personnel  in  foxholes  or 
open  trenches  would  be  safe  against  as  much  as  200  cal/cm^. 


The  correct  f  l^pire  reflectance  is  probab^  hetueen.  the 
erbremes  hut  nearer  to  the  nec^lglhle  q,uautity.  Assimiing^  ac¬ 
ceptable  Injury  as  first-degree  bums  equivalent  to  a  mild  stnr- 
bum,  then  the  design  levql  for  open  shelters  would  be  about 
100  cal/cm2.  The  scattering  -rfiich  occurs  on  slightly  hazy  days 
nay  nake  this  figure  too  hi{^* 

If  the  entrance  is  oriented  so  that  no  direct 
thermal  radiation  enters  it,  the  amount  of  thermal  energy  re¬ 
ceived  in  a  covered  shelter  will  be  negligible.  If  the  entrance 
faces  the  detonation,  two  turns  in  the  entrance  will  be  suffi¬ 
cient  to  reduce  reflected  radiation  to  a  negligible  amount  ex¬ 
cept  in  those  cases  where  outside  thezmal  energies  of  several 
thousand  calories  per  sq  cm^pccur.  However,  in  many  instances, 
heated  air  will  be  driven  into  shelters  by  the  blast  wave. 

This  heated  air  may  attain  a  temperature  of  several  hundred  de¬ 
grees  centigrade  but  will  be  of  short  duration. 

(3)  Gaiana  Rays  *  Tlie  permissible  interior  intensity 
of  gamma  relation  is  somevhat  Indefinite .  It  could  vary  from 
less  than  Ir  to  a  probable  maximum  of  lOOr.  The  FCDA  and  AEO 
shelter  tests  Indicate  a  desire  to  limit  Interior  dose  to  less 
than  lOr.  For  military  personnel,  a  higher  dose  level  is  prob¬ 
ably  acceptable.  Permissible  Interior  intensity  of  gamma  radi¬ 
ation  will  be  discussed  further  in  a  succeeding  paragra^  vhere 
multiple  prompt  effects  will  be  considered.  Examination  of . 
shelter  tests  show  that,  except  for  overhead  bursts,  a  struc¬ 
ture  buried  3  ft  and  Incorporating  proper  entrance  design  will 
attenuate  gamma  radiation  by  factors  varying  from  0.001  to  O.OOC 

{^)  Neutrons .  The  permissible  intensity  of  neutron 
radiation  is  Indefinite,  Apparently,  the  intensity  of  neutrons 
Is  equal  to  or  greater  than  the  gamma  intensity  for  weapons  of 
25  KT  or  less.  This  will  be  covered  further  in  a  succeeding 
paragraph  where  multiple  prompt  effects  will  be  considered. 
Examination  of  shelter  tests  show  that,  except  possibly  for 
close-in  bursts,  a  structure  buried  3  ft  end  Incorporating 
proper  entrance  design  and  orientation  will  attenuate  neutron 
radiation  by  factors  varying  from  0.005  to  0.0001.  However, 
attenuation  factors  for  total  neutron  doses  were  given  in  only 
two  instances,  and  In  these  instances,  the  attenuation  of  neu¬ 
trons  was  1/3  to  1/5  the  attenuation  of  gamma  rays.  One  thing 
that  shovUd  not  be  forgotten  la  that  whatever  the  acceptable 
nuclear  radiation  dose,  it  has  to  include  the  total  of  neutrons 
and  gamma  rays.  The  chemical  composition  of  the  earth  cover  is 
critical  as  regards  attenuation  of  neutrons, 

(5)  Multiple  Prompt  Nuclear  Effects.  In  designing 
against  prompt  nuclear  weapons  effects,  it  la  obvious  that  the 


effects  have  to  he  considered  In  multiple .  A  congparison  of^  the  . 
various  radiation  elYects  fVom  various  size  weapons  for  three 
levels  of  overpressures  have  been  made  in  Tables  XXI  and  XXIX. 
The  initial  table  considers  effects  from  typical  air  bursts 
\dilch  cause  maximum,  blast  damage,  >diile  the  second  table  con¬ 
siders  surface  bursts  ^ich  cause  maximum  radiation  damage. 

These  two  extrei^s  show  widely  separated  effect  intensities.  ‘ 

A  large  city  would  be  a  likely  target  for  a  typical  air  burst, 
while  a  small  tstrget  would  be  most  likely  hit  with  a  surface 
burst  since  blast  effects  at  great  distances  are  not  necessary.  . 
Examination  of  Table  XXII  for  surface  bursts  ^ows  that  for  30- 
psi  blast  pressure,  radiation  totals  are  quite  critical  up  to 
100-KT  weapons.  At  the  10-psi  level,  the  neutron  dose  is  criti¬ 
cal  up  to  50-KT.  Above  this  size,  the  blast  loading  becomes 
critical.  However,  surface  bursts  of  large  nuclear  weapons  are 
not  likely  to  occur  except  when  fallout  is  the  desired  effect. 

At  the  20-psi  level,  there  is  somewhat  of  a  balance  between 
blast  effects  and  radiation  effects.  Thermal  energies  are 
critical  only  in  the  megaton  range.  Examination  of  Table  XXI 
for  typical  air  bursts  shows  that  blast  is  the  critical  effect 
for  weapons  in  the  megaton  range.  None  of  the  other  effects 
in  the  megaton  range  are  important  with  the  possible  exception 
of  thermal  energy.  Neutron  intensity  is  hi^  over  all  three 
overpressure  ranges  for  the  small  weapons,  25  KT  or  less.  At 
the  20-  and  30-psl  level,  neutron  intensity  is  also  important 
for  50-  and  100-KT  weapons.  Only  when  the  weapon  size  varies 
from  100  IQ’  to  1  MT  does  gamma  radiation  become  Import^t  and 
even  then  only  at  high  overpressures. 

Obviously,  in  designing  a  shelter  against  prompt 
nuclear  effects,  a  decision  has  to  be  made  as  to  a  probability 
of  weapon  size,  height  of  detonation,  and  expected  ground  zero. 
If  the  personnel  to  be  sheltered  are  located  on  the  outskirts  . 
of  a  large  city,  then  the  nuclear  weapon  will  probably  be  a 
large  one  detonated  at  optimum  blast  height.  If  the  personnel 
are  located  at  a  small  base  or  installation,  then  the  weapon 
will  be  in  the  amall-to -medium  range  probably  at  or  close  to 
the  ground  surface.  This  again  brings  up  the  problem  of  accept¬ 
able  dose.  If  100  rem  Is  acceptable,  then  a  buried  shelter 
could  protect  against  a  minimum  of  20,000  rem  of  neutron  or 
6o,000r  of  gamma  rays  or  a  combination  of  both.  If  Ir  la  a 
maximum  acceptable  dose,  then  probably  a  buried  shelter  would 
protect  agaJ.nst  a  maximum  intensity  of  10,000  rem  of  neutrons 
or  30 LOGOI'  of  gatt««a  rays  or  a  combination  of  both.  According 
to  the  table  for  surface  bursts  (XXII ),  the  nuclear  radiation 
at  the  30-psi  level  is  too  great  to  be  attenviated  for  50-KT  or 
less-size  weapons  uriless  100  rem  is  an  acceptable  dose.  A  look 
at  the  table  for  typical  air  bursts  (XXI )  shows  that  attenuation 
of  nuclear  radiation  is  possible  for  all  size  weapons  even  when 


A  typical  «ir  burst  hei^t  for  a  20-KP  weapon  was  aasumet  to  be  2,1^  ft.  Using  tb.ib  oasungttion, 
air  bursts  for  the  other  weapons  were  confuted  as  the  helots  vary  direetly  as  the  cUbe  root  of  the  weaj 
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«  low  allowable  dose  is  necessary.  These  data  dttnonatrate  'Out 
DO  flat  fntensl^  figures  fbr  design  purposes  can  be  stated. 

■An  exanitnation  of  the  sltmtion  has  to  be  made,  and  toleration 
limits  of  blast  and  nuclear  radiation  have  to  be  established 
also.  If  weapons  vdilch  cause  hi^  neutron  yield  are  considered, 
then  the  attenuating  ability  of  the  shelter  has  to  be  increased. 

(6)  Fallout,  iilxanlnatlon  of  the  data  on  fallout 
shelters  discloses  that  a  semi-buried  shelter  with  a  closed  or 
filtered  entrance  will  attenuate  fallout  gamma  energy  by  a 
factor  of  0.0002.  A  buried  shelter  would  be  even  more  effec¬ 
tive.  Fallout  intensity  is  difficult  to  predict  because  of 
such  variables  as  weapon  size,  type  of  weapon,  distance  awsy, 
wind  direction,  and  wind  velocity.  The  intensity  of  fallout 
varies  with  time.  One  source  (2)  states  that  fallout  decays  at 
a  rate  so  that  at  the  end  of  one  hour,  56  percent  of  Ihe  infin¬ 
ity  dose  has  been  received.  Assuming  an  allowable  total  dose 
of  125r  of  Ihllout  gamma,  then  a  buried  fallout  shelter  could 
easily  protect  against  a  fallout  intensity  of  650,000r/iir  at 
1  hr.  This  intensity  is,  of  course,  extremely  hl^.  Such  a 
biurled  fallout  shelter,  will  protect  against  surface  bursts  of 
megaton  weapons  (2).  In  short,  burled  shelters  can  be  designed 
that  will  protect  against  any  anticipated  level  of  fallout. 

c.  Chemical  Warfare  Agents.  Since  mechanical  ventilation 
for  emergency  shelters  will  not  usually  be  provided,  the  protection 
which  they  can  afford  against  war  gases  is  limited.  Closure  of  vents 
and  entrances  with  protective  curtains  which  will  provide  filtered 
ventilatiQn  will  suffice  for  a  short  time.  However,  “Uiese  filtration 
curtains  will  reduce  freshening  of  the  air  in  the  shelter  and  will 
limit  habitation  time.  Against  gases  which  are  dangerous  only  if 
Inhaled,  it  will  not  be  neosssary  to  filter  air  throu^  the  entrances 
if  personnel  are  provided  with  the  protective  gas  mask.  The  gas  mjat. 
would  be  sufficient  against  Inhalation  gases  except  in  instances  of 
very  hifi^j  concentrations.  If  the  gases  encountered  ere  of  the  blis¬ 
ter,  blood,  or  nerve  type,  protective  clothing  will  also  be  necessary. 

If  the  shelter  is  provided  with  mechanical,  filtered 
ventilation,  then  the  only  necessary  requirement  Is  that  a  sufficient 
rate  of  Intake  be  maintained  to  provide  a  positive  interior  pi'essure. 
For  shelters  without  mechanical  ventilation,  the  minimum  concentra¬ 
tion  to  be  considered  would  require  protective  curtains  over  the  en¬ 
trances.  It  would  probably  be  desirable  to  consider  strong  Intenot- 
tles  of  reasonable  lengths  of  time  which  would  require  gets  masks  end 
protective  clothing* 

d.  Biological  Warfare  Agonts.  The  problem  involved  here 
Is  very  similar  to  the  one  Involving  gas  warfare.  For  shelters  with¬ 
out  mechanical  ventilation,  the  minimum  intensity  to  be  considered 
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would  require  protective  curtaios  over  the  entrances.  It  vovUit 
prDbabl7’'be  desirable  to  consider  intensities  of  such  lengths  oS 
time  that  protective  masks  end  protective  clothing  may  be  required. 

If  the  shelter  is  provided  with  mechanical,  filtered  ventilation, 
then  the  only  necessary  requirement  Is  that  a  sufficient  rate  of 
Intake  be  maintained  to  provide  a  positive  interior  pressure. 

9-  Shelter  Design  Components.  An  evaluation  will  be  made  of 
each  item  considered  pertinent  in  the  investigation  section. 

a.  Earth  Cover.  Test  results  definitely  show  the  value 
of  earth  cover.  The  many  ad-vautages  of  earth  cover  over  shelters 
far  outwei^  costs  of  excavation  and  placement.  Among  these  advant¬ 
ages  are;  structural  mass  increase,  absorption  of  blast  energy,  at¬ 
tenuation  of  nuclear  radiatipu,  protection  against  fragmentation, 
modification  of  aerodynamic  shape  of  the  structxire,  and  buttressing 
effect.  The  increase  in  mass  is  ingxirtant  for  short-duration  loads. 
However,  for  long-duration  loadings,  it  apparently  is  not  significant. 
There  is  considerable  reduction  of  drag  forces  on  the  sides  of  a 
structure  ^en  the  earth  cover  is  gradually  sloped.  Fi'oper  placement 
of  soil  will  modify  the  aeroclynamic  shape  of  the  structure  and  will 
tend  to  prevent  removal  of  the  cover  by  drag  forces.  For  this  pur¬ 
pose,  side  slopes  of  the  earth  cover  should  be  veiy  gradual,  probably 
no  greater  than  30  degrees j  otherwise,  larfc,vi  quaiitities  of  cover  may 
be  removed  by  the  blast  wave  exposing  the  shelter  to  nuclear  radia¬ 
tion.  It  la  important  to  remeuiber  that  attenuation  figures  ere  given 
for  compacted  earth.  Ifacompaoted  covers  may  require  as  much  as  50 
percent  greater  thicknesses  for  radiation  protection.  A  cxjmpacted 
cover  is  more  stable  and  less  subject  to  wind  removal. 

To  sum  up,  earth  cover  should  have  sufficient  thick¬ 
ness  for  nuclear  radiation  attenuation  and  gradual  side  slopes  for 
reduction  of  blast  effects.  The  ideal  Btroamllned  fom  of  earth 
cover  wpuld  be  smooth  and  level  with  the  surrounding  ground  surface 
with  the  shelter  completely  burled.  Ibe  usual  design  may  compromise 
this  feature  because  of  other  factors  such  as  water  table  or  cost  of 
excavation.  Other  things  such  as  borax  and  water  for  neutron  atten¬ 
uation  may  be  considered. 

b.  Cover  Support.  There  are  no  data  for  cox'relatlng  dy¬ 
namic  blast  loading  and  equivalent  static  loading  for  derlgn  of  eaar- 
gency  shelters .  For  this  reason,  precise  design  procedure  is  not  now 
possible.  Nevertheless,  it  is  possible  to  make  a  few  simplifying  aa- 
sumptlons  and  arrive  at  a  practical  deolga  procedure  that  will  satla- 
fy  most  requirements  and  still  afford  efficient  use  of  materials. 

In  this  respect,  it  is  helpiMl  to  note  that  radiation 
will  dictate  massive  earth  cover  as  a  practical  feature  for  attenua¬ 
tion.  This  much  of  the  load  on  structural  elements  is,  therefore,' 


Tf 


I*  predlctaible.  Massive  eovei*  will  moke  tie  structure'  slow  to  respond 

|.  to  'blast  loads.  IDius,  for  open  shelters  designed  to  withstand  no 

I  ‘  more  than  30**Fsi  overpresstire,  It  Is  safe  to  assvose  that  intemal 

g  pressure  will  rise  to  equalize  external  pressure  before  the  atruc- 

I  ture  can  move  sufficiently  to  develop  the  full  load  of  blast.  It  is 

I  safe,  therefore,  to  design  such  a  structure  to  support  its  earth 

f  cover  as  a  load  dropped  from  zero  height;  that  Is,  with  a  dynamic 

!  *  load  factor  of  only  two. 


Closed  shelters  present  another  problem.  This  same 
procedure  would  be  acceptable  for  closed  shelters  If  only  short- 
diiration  pressure  pxilses  were  considered  (one  quarter  second).  Meg¬ 
aton  weapons  produce  blast  pressure  pulses  of  long  duration.  In 
case  of  attack  by  a  megaton  weapon,  the  pulse  of  blast  pressure  will 
be  of  such  duration  that  inertia  of  the  earth  cover  will  be  overcome. 
Structural  elements  will  be  subjected  to  the  full  load  of  peak  ovei*- 
pressure,  plus  static  load  of  the  earth  cover,  plus  dynamic  load  im¬ 
posed  by  movement  of  the  cover  (dynamic  load  factor  of  two).  Al- 
thou^  this  over-sicpllfied  approach  ignores  many  factors  affecting 
blast  load  on  a  structure,  It  will  afford  safe  designs  with  reason¬ 
able  efficiency  in  use  of  materials. 

An  emergency  shelter  that  would  develop  plastic 
failure  without  collapse  would  be  ideal  In  that  it  would  represent 
moat  efficient  use  of  structural  elements. 

At\  example  of  a  design  detail  based  on  the  foregoing 
assvBsptions  follows. 


Given:  An  open  shelter  with  a  roof  span  of  6  ft,.  Radiation 

and  other  factors  require  cover  of  5  ft  of  uncoapacted 
7C^/ft3  soil.  OverpresBurc  reaches  a  maximum  of  psl. 


- J.  :■ . .  A*-.'--***-**'-”--"' 


Problem:  Jkteigp.  roof  stringers.  '  ' 

Solution:  For  an  open  struotiire,  tbe  static  load  condition 

1b  usually  critical,  since  presBure  vaves  can  enter 
an  open  el:elter  and  soioe^duit  cancel  out  tbe  full 
effect  of  overpressure.  For  tbe  dynamic  load  con¬ 
dition,  use  a  dynamic  load  factor  of  tvo.  Consider 
a  section  of  roof  1  ft  vide  and  6  ft  long.  Treat 
this  as  a  simply  supported,  uniformly  loaded  beam. 


Case  X:  static  load 

V  a  load  per  Inch  of  beam 
«  5*  X  1*  X  70#/ft3  ♦  12  In/ft  -  29.a#/ln. 


8  a  H  j*  S  s!  vorklng  stress  (Table  XXXXI) 
M  a  maximum  bending  moment 
0  *  beam  thickness  (h)  ♦  2 
I  a  momont  of  Inertia 
1  ai  length  of  beam 


H  -  IS^OO**# 


J  M  a  m  h^  b  a  bCCm  Vldth, 

h  »  beam  height 

S  a  1750  psl  for  uiuUiem  yollov  pine  See  Table  XXIIl 


1750 


18900  h 

; 


b2 


16900 

17^|2) 


h  -  2.32“ 
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GiftBe  Ur  diysaBlerJoai  ^ 

W  -  2(Btatlc  load)  =  2(29.2)  = 

M  a  »  37,800  In.  # 

S  »  8600  psi  Isapact  'bending  psoportlonal  limit  for 

soutliem  yellov  pine.  (See  liable  XUU.) 

8600  »  .  1x2  «  2,2 

h  »  I.U83 
2.32'*  >  1.1*83 

therefore,  static  load  cintdltioii  is  critical. 

So,  specify  lucdber  of  standard  size  next  above  2.^  inches  thick; 

2^  inches  rou^  or  3  Inches  finisl^d. 

(2)  Example  Calculation  of  Roof  Timbers  for  a  Closed  Struotvirg. 

Olven;  A  olnsed  structine  vlth  a  roof  span  of  6  ft*  Badla» 
tion  and  other  factors  require  cover  of  5  ft  of  unco*- 
pasted,  70#/ft3  soil.  Overpressure  rean^e  e  maximal 
of  100  pal* 


SFT 

f 

■ . . . zzu 

7 


CfT 


7^-^  |Y/;(\  Y  4\{WW77 


^bleo:  Dealgn  roof  stringers. 

Solution:  For  a  closed  struottire,  the  dynamic  load  condition 
Is  usually  critical,  since  no  pressure  waves  can 


^cnter  *1316  cibeXter^  &  section  of  xoafp  ■ 

^Lft  vldfi,  asd  6  ft  lOQg.  Tceat  tMa  fts  a  aloply 
supported,  unlfoimly  loaded  beas. 


Case  X  a  ]3!yn»&ic  load 

w  a  load  per  Inch  of  beaa 

a  100(12)  +  2  ,  1259^  #/ln 


S  a 


K  a 


3  «  Jjapeot  beadlhg  proportXoaal  llnlt  foy 
soutberu  yelXov  pSue* 

M  a*  HJaxlmum  bandtag  aotaeat 
0  «■  team  t^ickaees  (b)  •  2 


X  »  somettt  of  XttertU 
1  »  l&ns^  ot  hem 


«  0X5,000’*  # 


S  «  8000  lapaot  beudiu^  proportloual  limit  for 
southera  yellotf  pise* 


8600  «  ^^922^  ^2  «  uf,k 

h  •  0.88" 

Cose  XI  Static  load 

v«>  5xlx70*12»  29.2 

M  .  IgMHHli  „  16,900"# 


S  *  1750  vorklng  otreas  for  yellow  plao 
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135Q 


10,900  It 

-t3— S 


18,900 

W5olar 


h.  »  2,32" 

6.88"  >  a.32" 

therefore  d^naioic  load  condition  Is  critical. 


So,  specify  lusiher  of  standard  size  next  above  6.88  inches  thick; 
^  inches  rou^  or  7^  inches  fiaished. 


Table  XKIII.  Practical  Working  Stresses  for 
Certain  Conmoa  Strvictural  Materials'W^ 


Material 

Desl^ 
Working 
Stress  (pal) 

liapact  Bending 
at  Proportional 
Limit  (psi) 

Oltimata , 
Stress 
(psi) 

Wood: 

Douglas  Fir  (Cooat) 

2,000 

9,800f» 

Southern  lellov  Pij^ 

1>750 

0,000 

Hemlock,  Eastern 

1,466 

7,900 

Spruce  (Sitka) 

1,466 

8,400 

Steel 

20,000 

50,000 

Aluminua 

U,0CK> 

♦  Note  that  wcod  can  be  sti'ossed  moh  hi^r  ynder  iiapaot  loads 
than  under  static  loads. 

tfood  Besidbook,  Washlngtoa;  U.  S.  Forest  Service,  Dcjiartaeat  of 
Agriculture,  June  loho. 


For  covsi-cd  trenches,  the  cover  supiot't  should  be  ^ 
signed  as  a  ol^le  bean  although  it  actually  would  b«  a  partly  re¬ 
strained  beaa.  "Ric  bcata  tdiould  overlap  the  ti'cnch  oa  c&ots  side  m 
u^unt  at  least  equal  to  the  trench  width.  Widths  of  covered 
trenches  should  not  be  great,  probably  Ices  tfcau  6  ft.  If  the  Iw 
conditions  or  soil  conditions  ai'e  such  that  there  ig  likely  failu 
of  the  trench  walls,  then  a  ntethod  of  trajiaferrlng  the  load  to  th 
trench  bottosi  is  necessary.  In  thla  case,  the  post-^ap-atrlngcr 
cotab inatloa  is  suitable.  It  la  a  good  solution  Jbr  the  opeeial  t 
of  shelter  also  since  It  readily  adapts  to  a  oontiauoua  deui^. 
Ibis  dcoi^  also  provides  bracing  for  revetsont. 

c.  Rovetaient.  In  taunt  cases,  the  decision  ‘mo  to  be 
Bade  locally  aa  to  whei3ser  revetesent  la  necoesat'y  or  not,.  The  at 
fOr  revetroent  depends  on  ground  condltiona  and  weapons  cffectn. 
Facing  revetaent  Is  preferable  to  the  retalalng-wall  type  since  ; 


lass  excavatioix  and  caa  uaxially  tie  made  airooger*  Facing  . ' 
x.-vetmeat  has  to  te  adequately  braced,  preferably  at  short  distances, 
say  2h  In.  One-ln.  tlniber  sheathing  is  satis'faCtdry  provided  It  is 
adequately  braced.  Many  materials  of  lesser  strength  vd.ll  be  suit¬ 
able  in  some  cases.  Chicken  wire,  v^ith  burlap  or  tarpaper,  or  metal 
sheeting  are  eiian^lss  of  suitable  material.  Bracing  could  consist 
of  2-  by  timbers  or  metal  pickets  driven  into  the  soil  at  the 

floor.  It  may  be  necessary  in  some  cases  to  provide  bracing  for  re¬ 
vetment  across  the  width  of  the  shelter  at  top  and-bottom.  It  is 
probably  desirable,  if  feasible,  to  connect  the  revetment  to  the 
t»ver  support.  This  will  increase  overall  strength  of  the  strvjcture. 

Transmission  of  blast  pressures,  throu^  soil  is  Bo 
little  understood  that  no  design  theory  can  be  stated  fcr  revetEsnt, 
One  source  racommenda  that  revetment  be  designed  for  I5.  of 

the  dynamic  load  on  the  cover  support  stfucture. 

B^tfsnces »  Ihe  eotmiice  is  an  e^trssajy  ii^rtant-  -  ■ 

part  of  a  shelter.  The  design  of  doors  is  not  a 

part  of  this  report.  .However,  ia  sose-aituattets,  a  blast  door  msy 
be  necessary.  In  this  case,  the  Soar  be  plaead  at  the  begin- 

nli^  of  the  eatranceWBy  go  tha..t  it  'jg’subjftsted  to  eldeo?i  blast 
pi'essuire  only  j'atfc.er  r&n.ectad  pressure  which- tssnsld  occur  if 
the  door  wer^  rith  un  &  long  sntranaevny.  Ota  turn  should  be 
IncorpoT&tsfv  tfiio  the  enti^Reswa.y  be;fev<ae.«  door  «nd  the  ehelter 
prtspff  as'torsilsicat^.  the  hataid  If  the  door  fails.  If 

doors  or  eurtainsv  for  ppctsistion  are  installed,  tJveuc  could  be- 
eoss^  taisstles  also*  ijave  indiehted  that  two  90-degrce  . 

turns  sri?  nec^^ssasT  fb?  protc^tioo  agalaat  nuclear  and  thesml 

If  CfdH  curtains  or  doors  are  necessary,  they  shouM 
be  Installed  In  jvalrs,  pi’eferably  with  one  turn  between  th«a  to  re¬ 
duce  the  possibility  of  missiles  parforatlng  the  pictective  asater.tal. 
Access  to  a  shelter  could  eonsint  of  four  different  metbodG:  vert-t¬ 
eal  ladders,  sloping  rassps,  stairways,  and  tuansls.  vertical 
ladder  vould  be  utillz-ed  with  a  horitor.tal  tmuiel-type  entrance. 

‘roe  rarap-type  entrance  would  be  utlliacd  by  Hcclf  or  in  conjunction 
with  a  short  borlsontal  tunnel-type  section.  Slope  of  the  ramp 
should  be  no  greater  theui  1  in  U.  Stairway  g1o{>c  should  be  no 
greater  than  2  In  3*  A  surface  rdvcitcr  would  employ  a  hox'iaontal 
tminel-tjqw  entrance,  while  a  deeply  burled  shelter  would  employ  the 
ramp  or  long  stairway-type  entrance.  A  semi -buried  shelter  would 
probably  employ  the  ladder  or  short  etalrvay  tyjjc  In  conjunction  with 
a  horitontal  tvuinol.  Hconoalcc  will  probably  govern,  although  ease 
of  entry  will  be  important.  The  raap  will  permit  the  n»st  rapid  en- 
tiy,  while  tlse  laddar  will  be  the  slowest.  Whatever  the  ssanG  Of 
access,  it  ei;cntld  be  alisost  entirely  covered  so  as  to  restrict  the 
entry  of  x'adlatlon  to  the  bcginalng  apeit-urc  only.  Earth  cover  over 


the  entrancew^  is  a  decided  benefit  since  it  will  reduce  the  entry 
of  neutrons  and  gamma  rays  into  the  belter  proper.  Since 'wind  dz^ 
Is  so  detrimental  to  entrances.  It  may  be  desirable  to  place  the  en¬ 
trance  aperture  below  ground  level  even  for  surface  belters  If 
possible . 


As  much  protection  should  be  incorporated  into  the 
walls  and  roof  of  the  entrance  as  in  the  revetment  and  cover  si^jport 
of  the  shelter  proper.  The  essential  difference  between  the  two 
sections  of  the  shelter  woxild  be  cross-sectional  area  since  the  en¬ 
trance  would  probably  be  quite  smaller. 

The  dimensions  of  entrances  depend  on  what  will  enter 
the  shelter.  One  source  gives  minimum  dimensions  of  width,  9  ft  6 
in.,  and  height,  5  ft  6  in.  This  will  accommodate  stretchers  for 
rescue  work.  Another  source  states  that  an  emergency  exit  should  be 
capable  of  jserraitting  the  passing  of  one  person  by  enother.  These 
dlimnsions  seem  acceptable  although  the  size  given  for  an  emergency 
exit,  a  pipe  of  3-i^  diameter,  could  be  acceptable  for  a  main  en¬ 
trance  if  speed  of  entry  is  not  essential.  The  important  thing  to 
remember  is  that  for  protection  against  nuclear  weapons,  the  smaller 
the  open  entrances  croBs-sectlon,  the  better  the  i>rotectlon  afforded. 
Small  ontreinces  may  present  a  ventilation  problem  xsider  extended  oc¬ 
cupation,  Since  length  of  an  entrance  wixl  greatly  affect  total  con*; 
ctr  ntlon  effort,  length  flho»ild  be  as  short  as  possible  consistent 
with  necessary  protection.  The  slopes  of  ramps  and  stairways 
necessitate  longer  lengths.  .  , 

The  necessity  of  ciaergenoy  exits  is  queetionable. 

They  vere  deemed  necessary  for  pretectlon  against  H.  B,  wesjwna  in 
tforld  War  II,  but  ^Aether  they  ora  ntceesary  for  nuclear  warfsre  i« 
in  doxibt.  If  they  are  pirollar  to  the  min  entrance,  they  will  In- 
cx-case  the  intensity  of  many  detrimental  effects  Inside  the  shelter. 

A  prefemble  design  would  be  one  olmllnr  to  tbo  type  Incoiporsted 
int4)  the  FCDA  gioap  shelter j  i.  e.,  a  section  of  the  cover  support 
would  be  capable  of  being  removed  from  the  inside  and  the  earth 
cover  would  fall  into  the  shelter. 

The  plajx  of  the  cntronceway  can  vary,  although  the 
usual  plan  will  be  roughly  elmilnr  to  a  "2.”  Orientation  of  the 
enti’ance  con  be  extrecely  Important.  If  a  probable  ground  sero  for 
a  nuclear  weapon  is  Known,  tlie  beginning  apertux-e  of  the  entranceway 
ehovdd  face  away  flora  it.  Huclestr  effects  will  probably  be  maximize 
Inside  the  shelter  if  the  cntroixccway  faces  the  explosion. 

Blast  Walls.  The  value  of  this  Item  is  limited  to 
H.  E.  weapons  since  other  items  accomplloli  the  oona  purpose  for 
aucloar  Bhelters,  In  the  present  situation,  it  is  apjarent  thnt 
this  Item  cbouM  be  eliminated. 


f .  Ventilation  and  Capacity.  It  is  apparent  that  ^el?- 
ters  should  be  designed  for  a  practical  jnaxiinum  of  50  persons  with  a 
practical  minimum  of  10  sq  ft  of  floor  area  per  person,  A  mlnlnnm  ' 
floor  space  per  person  is  given  as  6  sq  ft  for  12 -hour  occiqation, 
while  another  source  suggests  20  sq  ft  for  two -week  occupation. 
However,  occupation  duration  will  probably  fall  between  the  two  ex¬ 
tremes.  For  xuiventllated  shelters,  the  most  critical  items  will  be 
surface  area  and  interior  volume.  The  apparent  minimum  surface  area 
per  person  is  25  sq  ft,  ^ile  100  sq  ft  is  preferred.  Surface  shel¬ 
ters  require  more  area  per  person  than  buried  shelters.  A  shelter 
of  equal  dimensions,  1.  e..  In  the  form  of  a  cube,  would  require  the 
greatest  surface  area  per  person  while  a  long  trench  shelter  wo\ild 
reqvire  the  least  area.  The  necessary  surface  area  varies  with  dura¬ 
tion  of  occupation,  1.  e.,  the  longer  the  stay  the  greater  the  need 
for  surface  area.  The  data  suggest  that  a  surface  area  quantity  of 
100  sq  ft  per  person  be  established  for  emergency  shelters,  except 
for  a  long  trench  shelter  ■vhlch  would  pi-obably  require  no  more  than 
50  sq  ft.  This  would  allow  for  extended  occupation  times.  Protec¬ 
tive  cui'talns  which  will  permit  some  exchange  of  air  are  desirable. 
Vents  In  the  roof  will  also  inqjrove  habitability  of  the  shelter  by 
providing  some  air  exchange.  Teat  results  indicate  that  these  de¬ 
vices  will  permit  the  entry  of  some  nuclear  effects  but  if  properly 
designed  will  not  admit  them  in  dangerous  amounts.  The  saailler  the 
diameter  of  the  vent.,  the  lesser  tte  entry  of  nuclear  effects . 
Therefore,  smaH  diameter  pipes,  6  Ir.  or  less,  should  be  used  in 
multiple  rather  than  larger  sites  In  lesser  quantity.  In  one  in* 
stance,  simple,  6-in.  vent©  reduced  the  peak  exterior  overpressure 
of  21  psl  to  an  initial  peak  of  11  psi  and  a  maximum  sustained 
pressure  of  8  psl  inside  the  abclter.  Installation  of  blast  clo¬ 
sure  valves  in  the  vents  is  desirable.  In  this  case,  a  larger  dim¬ 
eter  could  be  employed.  Venta  will  admit  neutrons  and  gamma  rays 
and,  to  a  lesser  extent,  thoiml  energy.  Iherefore,  personnel 
should  not  be  located  directly  below  vents.  Vents  should  incorpor¬ 
ate  a  horizontal  section  at  tlie  top  to  prevent  ^ntiy  of  fhllout  par¬ 
ticles  fjxim  above.  Ttieso  dcvicee  should  bo  quite  atxx)iig  eince  many 
have  failed  under  nuclear  testing. 

Under  iiatui’&l  ventilation  conditions,  an  air  quantity 
of  6  cu  ft  per  hour  per  pt£rst)n  Is  considci*ed  necessary.  The  condi¬ 
tions  of  tills  qvuvntl^y  ox'c  that  a  roof  vent  be  provided  and  tliat  the 
door  or  closuro  device  be  occasionally  opened  for  exchange  of  air. 
Data  on  ventilation  contain  somo  disparities.  Dimensions  are  vari¬ 
ous  shelter  shapes  and  different  totals  of  personnel  are  contained 
In  Table  XXIV. 


In  considering  Uie  several  aspects  of  ventilation 
with  due  regard  for  factors  such  as  number  of  personnel,  shelter 
shape,  expected  occupancy  time,  climatic  conditions,  elevation  of 
shelter,  etc.,  the  decision  is  not  one  which  can  be  stated  generally. 


Imfc  •wiiHx  variotis  points  Mo,  the  shelter  planner  can 

xeadk  his  oun  solution.. 


Table  XXI7.  Shelter  Speu^e  Requirements 

Ho-  of  Sugsested  DimenBlouB  Surface  Area*  ifolxmeT” 

ler-  Floor  Plan  _ (ft) _  Per  Person  Per  Person 

sonnel  Width  Length  Height  (sq  ft)  (cu  ft 


Sotes:  Mlnimim  floor  ares^  10  sq  ft  per  persiux. 

Hiulmum  volume,  63  cu  ft  per  person. 

Hinlmum  surface  area,  for  square  plan,  30  sq  ft  per  personj 

rectangular  plan,  bO  sq  ft  per  person. 

*  Surface  area  is  equal  to  total  of  areas  of  valla,  floor  and  eellini 


g.  Location.  Location  of  the  Shelter  can  be  critical. 
Certainly,  it  should  not  be  subjected  to  debris  loads  frtw  nearby 
stmcturea.  Lov  spots  are  ordinarily  not  desirable  because  of  GBR 
effects  and  drainage  problems  althou^  they  are  of  value  against 
proi^t  nuclear  effeota*  Cenerally  speaking,  lov  apota  should  not  be 
selected.  Shelters  should  be  placed  for  case  of  construction  and 
vithln  access  distance.  Locations  over  underground  utilities  and 
6id)terrancaa  construction  must  be  avoided.  Weather  coiadltlons  have 
to  be  considered  for  defense  agalnat  attacks.  Stable  soil  condition 
are  desirable. 

Against  prompt  nuclear  effects,  maxlmm  protection 
vtll  be  obtained  if  the  sdielter  Is  oriented  so  that  its  main  axis  Is 
perpendicular  to  the  line  of  blast.  If  a  prc*able  ground  zero  Is 
knovn,  advsntago  can  be  taken  of  this  fact. 

b.  Elevation.  If  soil  conditions  permit,  the  shelter 
should  be  placed  below  the  ground  surface  for  optimum  protection. 
Chemical  warfare  presents  the  only  Increased  effecta  hazard  to 
burled  eheltero.  Shelters  should  be  placed  on  the  surface  only  vhei 
absolutely  necessary.  Ecooomic  condltlone  coay  require  s«!tal>buried 
Alters. 


I.  Badlatton  Attenuation  Factors.  The  atlicnuat^loii  of  ^ 
nticlear  radtatlcm  ts  a  fairly  definite  tteiii  except  for  neotrono.^ 

Hot  enotig^  data  exist  for  accurate  figures  oo.  oeutron  attenuation^ 
Table  X7I.  Chemical  composition  of  the  soil  cover  Is  the  governing 
factor  in  the  attenuation  of  neutrons.  Another  pertinent  thing  to 
remeaher  is  that  the  attenuation  of  promiit  gamma  rays.  Table  X7,  de¬ 
pends  on  slant  thiclcness  of  earth  cover  while  the  attenuation  of  • 
neutrons  depends  on  minimum  thickness.  The  attenuation  figures 
given  are  for  uniform  field  conditions)  i.  e.,  there  are  no  side 
effects.  However,  these  conditions  will  rarely  exist.  Earth  cover 
25  in.  thick  over  a  foxhole  4  ft  deep  woiild  reduce  prompt  gamma  by 

a  factor  of  10,  but  an  open  foxhole  will  reduce  prompt  gamma  by  a 
factor  of  8  at  the  bottom;  therefore,  the  correct  attenuation 
factor  for  a  foxhole  with  25  in.  of  earth  cover  is  0.0125'rather 
than  0.1.  For  surface  shelters,  there  would  be  essentially  no  side 
effects  and  the  attenuation  factors  would  be  correct  as  given  in 
Table  XV.  For  burled  or  semi -buried  shelters  other  than  foxholes, 
attenuation  will  vary  with  depth  and  the  top  area.  The  attenuation 
provided  by  buried  or  semi -burled  shelters  is  considerably  greater 
than  the  depth  of  the  earth  cover  over  the  compartment. 

J.  Fallout  Shelters.  Shelter  for  protection  against 
fallout  requires  only  that  a  sufficient  amount  of  attenuating  mate¬ 
rial  be  placed  between  personnel  and  the  source  of  radiation  to  re¬ 
duce  it  to  a  negligible  amount.  A  semi -burled  shelter  represents 
the  usual  comprorotBC  between  economy  and  protection.  However,  the 
value  of  placing  a  shelter  below  the  surface  must  not  be  ignored. 
Overhead  cover  is  of  prime  value  during  fallout.  In  a  poet-fallout 
situation,  sufficient  cover  is  required  to  attenuate  radiation  from 
particles  directly  overhead.  The  gi*eateot  hazard,  however,  exists 
at  the  ground  surface.  The  best  protection  against  this  hazard  is 
achieved  by  placing  the  shelter  below  ground  -  below  the  "plane  of 
maximum  radiation." 

Construction.  Savings  of  time  and  usoney  can  be  rea¬ 
lized  by  maximum  utilization  of  mechanical  equipment.  Equipment  can 
be  used  especially  for  excavations,  placing  backfill,  and  handling 
lai'ge  shelter  sectlona.  A  major  part  of  the  oonotructlon  of  eaxsr- 
gcncy  shelters  will  hove  to  be  done  by  hand.  No  attempt  has  been 
made  to  determine  constrectiou  tiroes  and  costs  olixce  they  arc  s\ib- 
jeet  to  so  esuiy  variables.  Among  thcco  variables  are  naterlnls, 
equipment,  soil  eonditioao,  skill  of  personnel,  etc. 

Materialo.  In  general,  the  desirable  mate  rials  for 
emergency  nhcltors  should  exhibit  the  following  characterlatics : 
strength,  ductility,  and  resiliency  in  otructurtil  components  and 
maosivenesG  in  the  cover.  Unrelnforced  masonry  is  not  reoomsended 
as  a  structural  element.  Steel,  timber,  and  concrete  arc  desirable 
structural  materialo.  Soil  and  ruck  are  excellent  cover  nateriala. 
The  important  thing  is  to  fully  utilize  available  materials. 
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ID.  ,  Shelter  Types.  ^  evaluation,  of  the  different  shelter 
types  and  weapon  effects  against  idiich  each,  shelter  i^pe  is  effeo*^ 
tive  is  presented  in  tile  Ibllovlng  subparagra^s; 

a.  Simple  Shelters.  The  best  types  of  slnple  shelter 
in  terms  of  protection,  time,  materialj  and  cost  would  be  open  and 
covered  trenches.  The  foxhole  is  an  improvement  over  the  trench 
only  in  a  tactical  situation.  As  a  shelter,  it  is  only  sH^tly 
more  effective  than  a  trench  and  requires  considerably  more  effort 
per  man.  The  open  trench  would  be  advantageous  at  a  great  distance 
from  a  probable  ground  zero.  None  of  these  is  effective  against 
chemical  and  biological  attack. 

The  covered  trench  is  definitely  the  most  effective 
sinqiie  shelter.  It  can  be  closed  fairly  easily  to  provide  addi¬ 
tional  protection  against  fallout  and  chemical  and  biological  war¬ 
fare.  It  has  its  limitations,  particularly  with  respect  to  blast. 
Since  the  cover  support  rests  on  the  sides  of  the  trench,  blast' 
strength  of  the  shelter  will  be  limited  by  soil  strength  unless 
suitable  revetment  is  provided.  The  interior  dimensions  of  a  cov¬ 
ered  trench  are  such  that  there  is  negligible  attenuation  of  blast 
entering  the  shelter  chamber.  Results  of  nuclear  testa  indicate 
that  this  shelter  should  be  limited  to  providing  protection  a^^nst 
maximum  blast  pressure  of  20  psi  and  low  neutron  intensities* 

b.  Special  Shelters.  Test  results  indicate  that  the 
greater  the  depth  of  burial  of  a  shelter  the  greater  the  pxxjtectlon 
affbrded.  For  this  reason,  whenever  maximum  protection  Is  desired, 
the  bui’led  belter  is  preferred* 

It  Is  apparent  that  the  surface  shelter  should  be 
used  only  where  ground  conditions  make  It  the  only  practical  type. 
Such  shelters  ore  particularly  vulnerable  to  atomic  blast  and  nu¬ 
clear  radiation.  Protection  against  drag  force  requires  that  the 
roof,  walls,  and  floor  be  one  continuous  structure. 

A  long,  large  pipe  section  will  provide  an  cxcelleui 
burled  shelter  framework  since  it  provides  both  lateral  and  vertical 
support.  Entrance  design  will  be  greatly  affected  by  depth  of  place 
aent  of  the  buried  shelter.  The  burled  shelter  la  the  only  one  of 
practical  design  suitable  for  protection  against  high-intensity  ef¬ 
fects  of  nuclear  weapons. 

Where  economy  of  time  and  material  is  important,  the 
preferred  design  will  usually  be  the  semi -bur  led  shelter.  The  necea 
sary  oscavation  for  this  shelter  will  furnish  part  and  sometimes  all 
of  the  needed  earth  cover.  Tlie  shelter  design  will  vary  from  a  situ 
ation  where  only  the  earth  cover  projects  above  the  ground  surface 
to  a  situation  where  as  much  as  30  percent  of  the  revetasnt  projects 
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above'  the  ground  surface.  In  the  design  of  seml-burled  dielters^ 
as  test  results  indicate,  continai;^  should  he  pxxivided  hetwees 
revetment  and  cover  support. 


IV.  C0NCLU3I0KS 

11.  Conclusions.  It  is  concluded  that: 

'  .  -  '  k  *«  .  r 

a;  Weapons  effects  data  are  avallahle  in  sufficient  de* 
tail  for  general  design  purposes  subject  to  the  limitations  set 
forth  in  the  following  conclusions. 

b.  Acceptable  limits  for  exposure  of  personnel  to  the 
various  weapons  effects  remain  to  be  established. 

c.  ‘The  design  of  cover  support  or  fraisevork  is  not  a 
preclne  process  because  of  Inauffiolent  data  on  the  effect  of  ewrth 
cover  on  blast  forces  and  insufficient  data  on  the  design  of  struc¬ 
tures  against  dynamic  loads. 

d.  The  design  of  revetment  is  not  a  precise  process  be¬ 

cause  of  Insufficient  data  on  the  transmission  of  shook  waves 
tbrou^  ^11.  '  ' 

e.  Shelter  entrances  are  ^uite  vulnerable  and  therelbre 
important.  .Their  design  merits  careful  attention. 

f .  There  is  a  need  tot  additional  data  on  mlnlmun  essen¬ 
tial  ventilation  required  for  shelters  whore  extended  stay  tlsxts  are 
involved. 

g.  Optimum  protection  is  obtained  when  the  shelter  is 
placed  wholly  below  the  ground  surface. 

h.  The  attenuation  of  nuclear  radiation,  except  for 
neutrons,  is  sufficiently  understood  for  design  purposes.  Additional 
data  ene  necessary  befoi'c  attenuation  of  neutrons  can  be  accurately 
computed. 

I.  The  design  of  shelters  for  fallout  protection  presents 
no  problems  except  for  the  aforetacntloned  need  for  sddltional  venti¬ 
lation  data. 

J .  The  covei*ed  trench  shelter  Is  the  opfcltaua  type  of 
eheltcr  when  costs,  construction  time,  and  protection  are  considered, 
provided  soil  conditions  axe  n:»t  prohibitive. 
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Alpha  Particle 


Attenuation  Factor 


Beta  Particle 


Slant  Wave 


Crltloed  Maes 


Cube  Root  lav 


Diffraction  Loading 


MEAMING 

A  particle  emitted  spontaneously  from  the 
nuclei  of  some  radioactive  elements,  'It  Is 
identical  with  a  helium  nucleus,  having  a 
mass  of  four  units  and  an  electric  charge 
of  two  positive  units. 

The  ratio  of  interior  Intensity  of  nuclear 
radiation  to  •the  exterior  intensity.  It  Is 
usually  esqpressed  as  a  decimal  but  occasion* 
ally  as  a  fraction. 

A  diarged  particle  of  very  small  mass  emit* 
ted  spon'baneously  from  the  nuclei  of  certain 
radioactive  elements.  Most  (if  not  all)  of 
the  fission  fragments  emit  (negative)  beta 
particles.  Physically,  the  beta  particle 
1b  Identical  with  an  electron  moving  at 
hi^  velocity. 

A  pressure  pulse  of  air,  accompanied  by 
winds,  propagated  contlnuoxxsly  from  an 
explosion. 

The  minimum  mass  of  a  fissionable  material 
that  will  just  maintain  a  fission  chain  re* 
action  under  precisely  specified  conditions, 
suoh  as  'the  nature  and  thickness  of  the 
tamper  (or  neutron  reflector),  the  density 
(or  compression),  and  the  physical  shape 
(or  geometry).  For  an  explosion  to  occur, 
the  system  must  -be  supercritical,  i.e.,  the 
mass  of  material  must  exceed  the  critical 
mass  under  the  existing  conditions. 

A  scaling  lav  applicable  to  many  blast 
phenomena.  It  relates  the  time  and  dist¬ 
ance  at  which  a  given  blast  effect  is  ob¬ 
served  to  the  cube  root  of  the  energy  yield, 
of  the  explosion. 

The  force  on  a  structure  during  the  passage 
around  and  envelopment  of  the  structure  by 
the  blast  wave. 


TERM 


MBARIHG 


Dose 


Dose  Rate 


Drag  loading 


Dynamic  Pressure 


Dynamic  Arching 


Elastic  Range 


AT  ^total  or  accumulated)  of 

ionizing  (or  nuclear)  radiation.  The-i-  term 
dose  is  often  used  in  the  sense  of  the  ex¬ 
posure  dose,  expressed  in  roentgens,  vhldli 
is  a  measure  of  the  total  amount  of  ioniza¬ 
tion  tliat  the  quantity  of  radiation  could 
produce  in  air. 

As  a  general  rule,  the  amount  of  ionizing 
(or  nuclear)  radiation  to  Tidxl>'h  an  indivi¬ 
dual  would  exposed  per  unit  of  time.  It 
is  usually  expressed  as  roentgens  per  hour 
or  in  multiples  or  submultiples  of  these 
units,  such  as  miUi -roentgens  per  how. 

The  dose  rate  is  commonly  used  to  Indicate 
the  level  of  radioactivity  in  a  contami¬ 
nated  area. 

The  force  on  an  object  or  structure  due  to 
the  transient  winds  accoiEqpanying  the  pass¬ 
age  of  a  blast  wave.  The  drag  pressure  is 
the  product  of  the  dynamic  pressiire  and  a 
coefficient  which  la  dependent  upon  the  ' 
^bape  (or  geometry)  of  the  structure  or 
object. 

The  air  pressure  which  results  from  the 
mass  air  flow  (or  wind)  behind  the  shock 
front  of  a  blast  wave.  It  Is  equal  to  the 
produce  of  half  the  density  of  the  air 
through  which  the  blast  wave  losses  and  the 
square  of  the  particle  (or  wind)  velocity 
In  the  wave  as  it  impinges  on  the  object  or 
structure. 

The  action  of  an  earth  cover  by  which  the 
live  load  over  a  Btrucuure  roof  is  diverted 
around  the  structure  thru  the  surrounding 
soil,  1.  e.,  tho  soil  over  and  aroiuid  the 
roof  fonao  an  arch  through  the  Interaction 
of  the  soil  particles.  This  would  occur 
only  when  the  depth  of  cover  Is  equal  to  or 
greater  than  the  roof  span. 

The  stress  range  in  which  a  material  will 
recover  its  original  fom  when  the  force 
(or  loading)  Is  rensoved.  Elastic 


TBBM 


Fallout 


Fission 


Fusion 


Gasna  Rays 


Ground  S^ero 


HsLlf^lfe 


deformation  refers  to  dimensioned,  changes 
occiirrlng  within  the  elastic  range. 

The  process  or  phenomenon  of  the  H^U  heuA 
to  the  earth’s  surface  of  particles  contam¬ 
inated  with  radioactive  material  from  the 
atomic  cloud.  The  term  Is  also  applied  In 
a  collective  sense  to  the  contaminated 
particulate  matter  itself. 

The  process  whereby  the  nucleus  of  a  par¬ 
ticular  heavy  element  splits  into  (general¬ 
ly)  two  nuclei  of  lighter  elements,  with 
the  release  of  suhstautial  amounts  of  ener¬ 
gy,  The  most  important  fisslonahle  materi¬ 
als  are  uranlum-235  and  plutonlum-239< 

The  process  whereby  the  nuclei  of  ll^t 
elements,  especially  those  of  the  isotopes 
of  hydrogen,  namely,  deuterium  and  tritium, 
combine  to  form  the  nucleus  of  a  heavier 
element  with  the  release  of  stibstantlal 
amounts  of  energy. 

Electromagnetic  radiations  of  hl^  energy 
originating  In  atomic  nuclei  and  accompany¬ 
ing  many  nuclear  reactions,  e.  g.,  fission, 
radioactivity,  and  neutron  capture.  Physi¬ 
cally,  gasoma  rays  are  identical  with  X-rays 
of  high  energy;  the  only  essential  differ¬ 
ence  la  that  the  X-raye  do  not  originate 
from  atomic  nuclei  but  are  produced  In 
other  ways,  «.  g.,  by  slowing  down  (fast) 
electrons  of  high  energy. 

The  point  on  the  surface  of  land  or  water 
vei*tli;ally  below  or  above  the  center  of  a 
burst  of  a  nuclear  (or  atomic)  weapon; 
frequently  abbreviated  to  OZ.  For  a  burst 
over  or  under  \fater,  the  term  surface  zero 
should  preferably  be  used. 

The  time  required  for  the  activity  of  a 
given  radioactive  species  to  decrease  to 
half  of  ito  Initial  value  due  to  radio¬ 
active  decay. 


106 

TSBM  -- 

Half-Value  layer 
Thlckneas 

Eei^  of  Burst 

Zag^kulee 


loitlzlug  Badiatlcm 

Key,  lEhousaud 

Electron  Volta 

KI,  Kllotoa  Energy 

laalnatlon 


The  thickness  of  a  given  naterlal  vhlcih 
will  absorb  half  the  gamma  radiation  Inci¬ 
dent  vgpon  it.  Ihls  thickness  depends  on 
the  nature  of  Ihe  materlal-lt  Is  roughly 
Inversely  proportional  to  Its  density-  and 
also  on  the  energy  of  the  gamma  rays. 

Ihe  hel|^t  above  the  earth’s  surface  at 
which  a  bonh  is  detonated  in  the  air.  The 
optimum  height  of  burst  for  a  particular 
target  (or  area)  Is  that  at  which  it  is 
estimate  a  weapon  of  a  specified  energy 
yield  will  pixiduce  a  certain  desired  ef¬ 
fect  over  the  maximum  possible  area. 

The  product  of  the  overpressiur  (or  dynazolc 
pressure)  ftfoa  the  blast  wave  of  an  explo¬ 
sion  and  the  time  during  which  It  acts  at 
a  given  point.  Kore  speoifically.  It  is 
the  integral,  with  respect  to  tlxae,  of  the 
overpressure  (or  dynamic  press^are),  the 
integration  being  between  the  tijais  of  ar¬ 
rival  of  the  blast  wave  and  that  at  idiloh 
the  overpressure  (or  dynamic  pressure)  re¬ 
turns  to  sero  at  the  given  point. 

Electromagnetic  radiation  (gamna  rays  or 
X-rays)  or  particulate  radiation  (alpha 
particles,  beta  particles,  neutrons,  etc.) 
capable  of  producing  loos,  i,  e.,  electri¬ 
cally  charged  particles,  directly  or  in¬ 
directly  in  Its  passage  through  matter. 

A  unit  of  energy  commonly  used  in  nuclear 
physics.  It  is  equivalent  to  1.6  x  10''^ 
ergs. 

The  energy  of  a  nuclear  (or  atomic)  explo¬ 
sion  which  is  equivalent  to  that  produced 
by  thu  explosion  of  1  klloton  (l.  e.,  1,000 
tons)  of  TJJT,  i.  e.,  10^  caloikes  or 
U.2  X  10"^9  ergs. 

The  principle  of  building  up  a  beam  or  roof 
in  layers  rather  than  uclng  solid  K»mbers. 
As  used  herein  it  does  not  refer  to  a  true 
lamina  because  the  Individual  layers  are 
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mnxma 


U)-50,  ID/50 


Median  Letlial  Dose 


ICC,  Megaton  Energy 


Mev,  Million  Eleatroa 
Volta 


Keutron 


Ronlnal  Atotaic  Bod 


spot  fastened  with  nails  rather  than  being 
glued. 

Abbreviations  for  median  lethal  dose. 

The  force  on  an  object  or.  structme  or  ele¬ 
ment  of  a  structure.  The  loading  due  to 
blast  Is  equal  to  the  net  pressure  In  ejc- 
cess  of  the  ambient  value  multiplied  by  the 
area  of  the  loaded  object^  etc. 

The  amount  of  ionising  (or  nuclear)  radia¬ 
tion  expos'ore  over  the  whole  body  'rfilch  It  • 
Is  expected  would  be  fatal  to  50  percent  of 
a  large  group  of  living  creatures  or  organ¬ 
isms.  It  Is  commonly  (although  not  univer¬ 
sally)  accepted,  at  the  present  time,  tJxat 
a  dose  of  about  450  roentgens,  received 
over  the  whole  bo^  In  the  course  of  a  few 
hours  or  less,  Is  the  median  lethal  dose 
for  ^ueaa  belles.  ‘  . 

Ihe  energy  of  a  nuclear  (or  atomic)  explo¬ 
sion  which  Is  equivalent  to  1,000,000  tone 
(or  1,000  kilotons)  of  THT,  1*  e.,  10^^ 
calories  or  4.a  x  10^  ergs. 

A  unit  of  energy  commonly  used  In  nuclear 
physics.  It  la  equivalent  to  1.6  x  10”^ 
ergs.  Approximately  200  Mev  of  eaeigy  are 
pioduced  for  every  nucleus  that  undergoes 
fission. 

A  neutral  particle,  1.  e.,  with  no  electri¬ 
cal  charge,  of  approximately  unit  mass, 
present  in  all  atomic  nuclei,  except  those 
of  ordinary  (or  light)  hydrogen,  Meutrons 
are  rcqulr^  to  Initiate  the  fleetoa  proc¬ 
ess,  oird  large  nuabers  of  neutrons  are 
produced  by  both  fission  and  fusion  reac¬ 
tions  In  nuclear  (or  atomic)  explosions. 

A  term,  now  becoming  obsolete,  formerly 
used  to  describe  an  atomic  weapon  with  an 
energy  release  equivalent  to  20  kllotons 
(l,  e.,  20,OCpO  tons)  of  TffP.  This  van  ap¬ 
proximately  the  energy  yield  of  the  bombs 
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exi>lcded  over  Japan  and  .  in  the  Bikini  teata 
in  1946. 

nuclear  Radiation  Particulate  and  electromagnetic  radiation 

emitted  from  atomic  nuclei  in  varloua  nu¬ 
clear  processes.  *1516  important  nmlear...; 
radiations,  from  the  weapons  standpoint, 
are  alpha  Eind  Beta  particles,  gamma  rays,, 
and  neutrons. 

Nuclear  Weapon  (or  A  general  name  given  to  any  weapon  in  which 

Bocib)  the  explosion  results  from  the  energy  re¬ 

leased  by  reactions  involving  atomic  niiclei, 
el.ther  fission  or  fusion  or  both,.  Thus,  the 
A  (or  atomic)  bomb  and  the  H  (or  hydrogen) 
bomb  are  both  nucJ.ear  weapons.  It  would  ^ 
equally  true  to  call  them  atomic  weapons, 
since  it  is  the  energy  of  atomic  nuclei 
that  is  Involved  in  each  cs-se.  However,  It 
has  become  more  or  less  customary,  althou^i 
it  is  not  strictly  accurate,  to  refer  to 
weapons  iji  which  all  the  energy  results 
from  fission  as  A  bombs  or  atoo^o  botabs. 

In  order  to  make  a  distinction,  those  weap¬ 
ons  in  which  at  least  part  of  the  energy 
results  from  thermonuclear  (fusion)  reac¬ 
tions  among  the  isotopes  of  hydrogen  have 
been  called  H  bombs  or  hydrogen  bombs.  . 

Overpressure  The  transient  pressure,  usually  expressid 

la  pounds  per  square  Inoh,  excccd-lng  the 
ambient  pressure,  toauifesied  in  the  shock 
(or  blast)  wave  from  an  explosion.  The 
variation  of  the  oveipresouxc  with  time 
depends  on  the  energy  yield  of  the  explo¬ 
sion,  the  distance  from  the  point  of  buret, 
and  tlie  medium  in  which  the  weapon  la  deto¬ 
nated,  The  peak  overpressure  is  the  oaxl- 
m\ia  valuB  of  the  ovstqirti«Bui‘e  at  a  given 
location  and  lo  gctterally  experienced  at 
the  instant  the  shock  (or  blast)  wave 
reaches  that  location. 

Plastic  Range  The  stress  range  In  which  a  eaatcrlal  will 

not  foil  when  subjected  to  the  Jwtion  of  a 
force  but  will  not  recover  completely,  so 
that  a  permanent  def'  . nation  results^  when 
the  force  is  removed.  Plastic  deformation 
i'efers  to  dimensional  changes  occurring 
within  the  plastic  range. 
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Pronqpt  Nuclear  Effects  53ie  nuclear  effects,  e.  g.,  neutrons,  gamna 

rays,  blast  wave,  alpha  and  beta  particles, 
which  occur  within  a  few  seconds  or  minutes 
after  a  detonation. 


Radiological  Shelter 


RBE  (or  Relative 
Biological 
Effectiveness) 


REM 


A  unit  of  absorbed  dose  of  radiation;  it 
represents  the  absorption  of  100  ergs,  of 
nuclear  (or  ionizing)  radiation  per  gram  of 
the  absorbing  material  or  tissue. 

A  shelter  designed  primarily  for  protection 
against  nuclear  .radiation. 

The  ratio  of  the  number  of  rads  of  gamma 
radiation  of  a  certain  energy  •trtiich  will 
produce  a  specified  blologlcsd.  effect  to 
the  number  of  rads  of  another  radiation 
required  to  produce  the  same  effect  is  the 
BBS  of  this  latter  radiation. 

A  unit  of  biological  dose  of  radiation; 
the  name  is  derived  from  the  initial  let¬ 
ters  of  the  term  ’’roentgen  equivalent  man 
(or  mainaal),'’  The  number  of  rems  of  radi¬ 
ation  is  equal  to  the  number  of  rads  ab¬ 
sorbed  multiplied  by  the  RBE  of  the  given 
radiation  (for  a  specified  effect). 


REP  A  unit  of  absorbed  dose  of  radiation;  the 

name  Is  derived  from  the  initial  letters  of 
the  term  ’’roentgen  equivalent  physical.** 
Basically,  the  rep  Is  Intended  to  express 
the  amount  of  energy  absorbed  per  gram  of 
soft  tissue  as  a  result  of  exposure  to  1 
roentgen  of  gamma  (or  X)  radiation.  This 
Is  estimated  to  be  about  97  ergs,  although 
the  actual  value  depends  on  certain  experi¬ 
mental  data  which  are  not  precisely  knotm. 
The  rep  is  thus  defined,  in  general,  as  the 
dose  of  any  ionizing  radiation  which  results 
in  the  absorption  of  97  ergs  of  energy  per 
gram  of  soft  tissue.  For  soft  tissue,  the 
rep  and  the  rad  arc  essent tally  the  same. 

Roentgen,  r  A  unit  of  exposure  dose  of  gamma  (or  X) 

radiation.  It  Is  defined  precisely  as  the 
quantity  of  gamma  (X)  radiation  such  that 
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HtB  .associates,  corpuscolar  esdasloa  pcr^  ^.r 
0.001293  gram  of  air  prodLucea>  la  air,  ions 
carryliig  one  electrostatic  unit  quantity  of 
electricity  of  either  sign.  From  Ihe  ac¬ 
cepted  value  for  the  energy  lost  hy  an  elec¬ 
tron  in  producing  a  positive -negative  ion 
pair  in  air,  it  is  estimated  that  1  roentgen 
of  gamna  (or  X)  radiation,  would  result  in 
the  absorption  of  87  ergs  of  energy  per  gram 
of  air. 

Sealing  law  A  mathematical  relationship  V.^lGih  permits 

the  effects  of  a  nuclear  (or  atomic),  explo¬ 
sion  of  given  energy  yield  to  be  determined 
as  a  function  of  distance  from  the  explo¬ 
sion  (or  from  ground  zero),  provided  Ihe 
correspondirg  effect  is  known  as  a  function 
of  distance  for  a  reference  explosion,  e.  g., 
of  1-kiloton  energy  yield. 

Scattering  ^e  diversion  of  radiation,  either  thermal 

or  nuclear,  from  its  original  path  as  o  re- 
•  odlt  of  interactions  (or  coHlslons)  with 
atoBfl,  molecules,  or  larger  particles  In 
the  atmosphere  or  other  medium  between  the 
source  of  the  radiations,  e,  g.,  a  nuclear 
(or  atomic)  ejqiloslon,  and  a  point  at  some 
distanc'!  away.  As  a  result  of  scattering, 
radiations  (especially  gaKea  rays  and  neu¬ 
trons)  will  be  received  at  such  a  point 
from  many  directions  Instead  of  only  from 
the  direction  of  the  source* 

Ehlelding  Any  material  or  obstruction  vhldi  absorbs 

radiation  and  thus  tends  to  protect  person¬ 
nel  or  materials  from  the  effects  of  a  nu¬ 
clear  (or  atomic)  explosion.  A  moderately 
thick  layer  of  any  opaque  material  wlH 
provide  satisfactory  shielding  from  thenaal 
reflation,  but  a  considerable  thickness  of 
material  of  high  density  nay  be  needed  for 
nuclear  radiation  shielding. 

^lack  Front  The  fairly  sharp  boundary  between  the  pres- 

(or  Fresoure  Front)  sure  disturbance  created  by  an  ci^dosion 

(in  air,  water,  or  eei*th)  and  the  ousdileut 
atmosphere,  water,  or  earth,  respectively. 

It.  constitutes  the  front  of  the  shook  (or 
blast)  wave. 


mm 
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Shcck  Wave 


Slople  Shelters 


Slant  Range 


Special  Shelters 


Burled  Shelters 


A  continTiously  propagated  pressure  pulse 
(or  vave)  in  the  surroundlpg  medium 
nay  "be  air,  water,  or  earth.  Initiated  hy 
the  expansion  of  the  hot  gases  produced  in 
an  explosion.  A  shoch  wave  in  air  in  gen¬ 
erally  referred  to  as  a  bldst  wave,  because 
It  is  similar  to  (and  Is  accoopanled  by) 
strong,  but  transient,  winds.  Xhe  duration 
of  a  shock  (or  blast)  wave  is  distinguished 
by  two  phases.  First,  there  is  the  posi¬ 
tive  (or  coo^resslon)  phase  during  ^Ich 
the  pi-essure  rises  very  sharply  to  a  value 
that  is  higher  than  ambient  and  then  de¬ 
creases  rapidly  to  the  ambient  pressure. 

The  duration  of  the  positive  phase  increases 
and  the  maximum  (peak)  pressure  decreanes 
with  increasing  distance  from  an  explosion 
of  given  energy  yield.  In  the  second  phase, 
the  negative  (or  suction)  phase,  the  pres- 
sure  falls  below  ambient  and  then  returns 
to  the  aniblent  valued  The  duration  of  the 
negative  phase  Is  approximately  constant 
throuj^hout  the  blast  wave  history  and  may 
be  several  times  the  duration  of  the  posi¬ 
tive  phase .  Deviations  from  the  ssiblent 
pressure  during  the  negative  phase  are 
never  large  and  they  decrease  with  Increas¬ 
ing  diotaxwe  from  the  ei^loslon. 

These  are  readily  constructed  with  a  Unit¬ 
ed  amount  of  effort  and  expenditure  of  mate¬ 
rials.  Some  exBag>le8  are  prone  shelters, 
foxholes,  Open  and  covered  trench. 

The  distance  from  a  given  location,  usually 
on  the  earth's  surface,  to  the  point  at 
which  the  e^losiou  occurred^ 

%ese  furnish  greater  protection  but  ro- 
(^ulre  considerably  ooi'C  effort  and  expend- 
ltm*e  of  materials  than  the  simple  shelters. 
They  are  further  defined  by  their  relation¬ 
ship  to  the  ground  surface,  1.  e.,  surface 
shelters,  semi -burled  sheltero,  burled 
shelters. 

These,  Including  their  cover,  aro  entirely 
below  the  ground  surface. 
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TOBM 

Seml-turled  Shelters 

Surface  Shelters 

Surface  Burst 

Thermal  Snergy 

Thermal  Badlatlon 


Typical  Air  Buret 

Tfleld  (or  Energy  Yield) 


MEAIOBd  ■ 

Hiese  project  partly  above  and  partly  helov 
the  grovind  surface. 

These  are  situated  entirely  above  tha 
groimd  surface. 

The  explosion  of  a  nuclear  (or  atomic)  weap¬ 
on  at  the  surface  of  the  land  or  water  or  at 
a  hel^t  above  the  surface  less  than  the  ra¬ 
dius  of  the  fireball  at  maximum  luminosity 
(in  the  second  thermal  pulse).  An  e^loslon 
In  which  the  bomb  is  detonated  actually  on 
the  surface  Is  called  a  contact  surface 
burst  or  a  true  surface  burst. 

The  energy  emitted  from  the  ball  of  fire  as 
thermal  radiation.  The  total  amount  of  ther¬ 
mal  energy  received  per  unit  area  at  a  speci¬ 
fied  distance  from  a  nuclear  (or  atomic)  ex¬ 
plosion  Is  generally  expressed  in  terms  of 
calories  per  square  centimeter. 

Electromagnetic  radiation  emitted  (in  two 
pulses)  from  the  ball  of  fire  as  a  conse¬ 
quence  of  its  very  high  terapej'aturej  it 
consists  eseentially  of  ultraviolet,  visible, 
and  Infrared  radiations.  In  the  early  stages 
(first  pulse),  when  the  teinperature  of  the  . 
fireball  is  extremely  hl^,  the  ultraviolet  . 
radiation  predomlnatcsi  in  the  second  pulse, 
the  temperatures  are  lower  and  most  of  the 
thermal  radiation  lies  in  the  visible  and 
Infrared  regions  of  the  spectrvaa. 

The  explosion  of  a  nuclear  weapon  for  which 
the  height  of  burst  is  such  as  may  be  expected  ■ 
to  cause  maximum  blast  destruction  in  an  aver¬ 
age  city. 

The  total  effective  energy  released  In  a  nu¬ 
clear  (or  atomic)  explosion.  It  is  usually 
expressed  in  terms  of  the  equivalent  tonnage 
of  TNT  required  to  produce  the  same  energy  re¬ 
lease  in  on  explosion.  The  total  energy  yield 
is  manifested  as  nuclear  radiation,  thermal 
radiation,  and  shock  (and  blast)  energy,  the 
actual  distribution  being  dei>endeDt  upon  the 
medium  In  ^Ich  the  e^qploslon  occurs  (primar¬ 
ily)  and  also  upon  the  type  of  weapon  and  the 
time  after  detonation. 
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FIELD  F<»XmCAII{aS  AST.  JBEItCUS  (BAM-Short  TiU* 
FLO  FORT  GBS!I3.) 


Mlnaa  •nd  Obstaolea 


Corps  of  EnglDieers 


Office »  Chief  of  ZoiciDeers 


AFF(!tecb  Asst  A  Fscmties)(C 
MsrlM  Corpsf"  “  *•  )(C 
Ord.  Corps  l"  •  •  KC 
Bssy  Bu  Ord  (teoh  Asst  )Cc 


Etasr  Ses  k  Olr  Lshorstortes, 
Fort  BelsDlTf  Vlrglnl* 


r¥riT!’?.yTTff 

WMi  ~  ~  ' 


nils  project  Is  eiqieeted  to  provide  nev  or  laproved  Itesis 
of  saterlal*  e<].ulpneut,  end  techalq:Ms  for  Incresslng  the  efflcleucy  end  csss  of 
hsndllne  (ud  coDstruotloo  of  field  fortifications  and  obstacles«  to  fscUltste  the 
■oveaeat  sod  defense  of  field  forces  In  the  tbester  of  opei-atlooi  assist  la  the 
sttalcsKot  of  their  unitary  objective,  sore  adequately  aeet  the  threat  of  ln> 
creased  firepower  a&d  destructive  potentialities  of  present  weapons  and  modes  of 
warfare,  including  atostlc,  and  provide  Increased  defense  agslnet  aassed  Infantry 
attacks.  The  Inpraved  or  develofied  Iteas  will  deereasa  lonsea  of  materiel  and 


•urWi'O  4Tik  i  »ThB»T>  'Wsi  C  fsiiH  ^ 


Brlefr 

(1) .  Cfhjeotlvei 

i:hls  project  Is  eipeoted  to  Improvei  present  types  and  develop  nev  types 
of  field  fortlflcattoos  and  ohstacles,  as  well  as  equipment  that  will 
assist  la  the  coostruetloo  and  ereotloo  of  such  Items,  sad  to  provldt 
additional  protection  and  security  to  field  forces  In  tte  theater  of 
operatloom. 

(2)  Military  Characteristics: 

(a)  The  new  and/or  Improved  techniques,  materlsls,  and  equipswnt  de« 
vsloped  shall  fttcllltmte  ths  acccmpllshmant  of  tactical  missions. 
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nSLD  KSmnCAIIOHS  AHD  QBS'Q^CLES  (EAM-^Short  Title 
ADFORI  (ffim) 


Febrvary  J** 


All  Mteriala  anl  eq.ulT*ent  dev^oped  sbell  be  oft 
1.  Optlwa  eiapllolty  of  deeigix. 

^  Mlniwn  velgbt  aad  diaenaion*  feasible  for  apeelflo  uae,  and  to 
faeUitate  transportlog  and  bandltnA. 

3«  Optima  atablllty  oeeeasary  for  speolfle  usage. 

а.  Sucb  design  as  to  take  ■axlmua  advantage  of  locally  available 
~  aaterials. 

Optlaun  safety  for  transporting,  bandllng  and  use. 

All  techniaues  shall: 

1.  Be  based  on  the  specific  tactical  reiptlreaents. 

?.  Be  alaple  in  concept  and  practical  In  execution. 

Oive  paranouAt  consideration  to  speed,  perfonaance,  security 
and  econoey. 

Detail  oharecterlstles  vUl  vary,  depending  upon  the  specific  and 
iten  (excepting  Itea  referenced  in  paragraph  &la(8)(d)  herein)  and 
viU  be  furnished  in  accordance  vith  paragraph  21h(8)  herein.  Xa 
the  event  of  conflict  betueen  the  preceding  general  nllitary  charae* 
teriatioa  and'  those  furnished  under  paragraph  21b(2)  herein,  the 
latter  vUl  be  the  governing  factor. 

Gpeoiflc  Hilitary  Charactertattca:  Foxhole  Xxeavatioo  Charge 
1.  The  device  shall  be  capable  of  providing  a  hole  four  feet  la 
"  dleaeter  and  three  feet  deep  with  near  vertical  valla  la  tolls 
of  various  densities,  using  a  aaxlnua  of  six  pounds  of  Ordnance 
Corps  standard  type  explosives. 

8.  The  device  ahall  be  of  the  one-shot  type  design,  end  shall  pro- 
”  duce  the  required  foxhole  vlthln  tvo  aioutes  tins. 

The  device  shall  be  capable  of  withstanding  direct  hits  by  aaall 
ams  amunitlon  without  initiation  of  the  explosive. 

V.  The'  device  shall  be  capable  of  atr  transportability  la  Phase  1. 

"  Parachute  delivery  la  desired  In  aerial  resupply  operations.  Ro 
additional  iteas  and/or  perst>nnol  will  bt  reiiulred  In  the  aaM 
aircraft  load  to  achieve  coabat  effectiveness.  Seettonallsatloa 
of  tt«  Itea  not  r«(iult-ed  for  air  tranaportabllity. 

The  device  eball  contsdn  such  safety  features  im  to  require 
positive  aanual  sffort  by  the  user,  to  effect  detonation. 

б.  Ttte  equipaent  shall  have  the  Inherent  capability  of  acceptable 
j^rforaattce  within  an  air  tcoperature  range  extending  frcai  »12S” 

F,  ainlsua  et^sure  of  h  hours  with  full  lapaot  of  solar  radi¬ 
ation;  3^  STU/Pt  8q/Ur,  to  -4o  r,  alnlaua  exposure  of  3  days 
without  benefit  of  solar  radiation;  and  shall  he  capable  of  safe 
storage  and  transportation  without  peraanent  lapalmeat  of  its 
capebllltles  fren  the  effects  of  teisperature,  at  teoperatures 
froa  -80^,  for  periods  ef  at  least  three  days  duratloo,  to 

for  periods  ss  long  as  4  hours  per  day  with  fhU  liipact 
of  solar  rudtattoo,  3^  RU/Ft  BqJ  Kr. 
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FIELD  FOiOXFICAXZOHS  AED  OSSIACLES  (SAM-Sbort  Title 
FLD  FORT  OBSn.) 
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(e)  "Advance  Questionnaire  for  Rev  Field  Fortifications  Project"  as 
prepared  by  the  ERDL,  file  HSCBD-MK  (Suspense  Date  20  May  1953)* 
extracts  of  letters  received  by  the  ERDL  la  reply  to  the 
auestlonnalre  referenced  In  preceding  subparagraphs,  eald  extracts 
consisting  of  21  pages  with  dates  varying  froa  5  Kay  1952  to  15 
August  1952  In  vblch  reQulrenents  are  stated  for  Items  pertaining 
to  the  basic  field  of  "Fortifications  and  Obstacles". 

Discussion: 

(a)  AgreesMnts  have  been  made  vlth  Any  Field  Forces  and  Marine  Corps  to 
furnish  technical  assistance  and  facilities  when  required.  Also, 
the  Ordnance  Corps  has  agreed  to  fbmlsh  technical  assistance  on 
Questions  of  firepower. 

(b)  Agencies  Interested  In  this  project.  In  addition  to  the  Corps  of 
Engineers,  with  which  liaison  will  be  maintained  and  which  will  be 
furnished  copies  of  reports  on  the  project  are.  Navy  Department, 

Army  Field  Foroea,  Karine  Corps,  Ordnance  Cotpa. 


119 


ESSIP  (8^-06-105)  '22^  April  1959>'^ 

SUBJECT:  Integration  of  Navy  Project  NY  3^«3-032  -  AW 

Protective  Shelters  ' 


TO:  Commanding  Officer 

Engineer  Research  and  Developnent  Laboratories 
Fort  Belvoir,  Virginia 


1,  References: 

a.  Letter  from  Office,  Chief  of  Engineers  to  Coinnandlng 
Officer,  Engineer  Research  euid  Developnent  Laboratories,  file  BNGWF 
(8-07 -06-105),  subject:  Emergency  Shelters  -  Suggested  Joint  Arny- 
Navy  Action,  dated  22  December  195**,  with  IncloBures. 

b.  1st  Indorsement  from  ERDL  to  OCE,  file  TBCRD  M) 
8-07-06-105  (22  Dec  5U),  same  subject,  dated  17  January  1955* 

c.  RDB  Project  Card,  Synbol  IS)  R8J)  (A)  U9  (3950),  Ibr 
Navy  ProJe<'t  Tc.  NY  3^0-032,  AW  Protective  Shelters,  dated  I5  Febru- 

1955,  classified  CONPIDEKTIAL  (copy  inclosed). 

2,  The  correspondence  referenced  in  paragraphs  1-a  and  -A) 
above  describes  preliminary  planning  for  integrating  Navy  require* 
ments  for  AW  protective  shelters  into  the  present  Corps  of  Engineers 
program  in  field  fortifications.  SvCbsequent  to  that  planning,  this 
office  was  advised  that  funds  had  become  available  In  the  Bureau  of 
Yards  and  Dochs,  Department  of  the  Navy,  which  would  permit  immedi¬ 
ate  transfer  to  the  Department  of  the  Aiwy  of  $30,000,  in  lieu  of 
$15,000  during  FY  1955  and  $15,000  during  FY  1956  as  originally 
planned.  Accordingly,  funds  furnished  under  Navy  Appropriation  No. 
21-17x1319 .011  in  the  amount  of  $30,000  were  transferred  to  ERDL 
under  Corps  of  Engineers  Allotment  No.  8-5199  on  I9  April  1955 • 

3,  It  Is  requested  that  the  Department  of  the  Navy  require¬ 
ments  for  AW  Protective  Shelters  descrlhed  as  Ihase  I  In  the  In¬ 
closed  project  card  be  Integx'ated  into  the  work  presently  being 
conducted  under  Project  No.  8-07-06-105,  in  accordance  with  the 
preliminary  plan  set  forth  in  the  correspondence  referenced  In 
paragraph  1-b  above. 

BY  COMMAND  OP  MAJOR  GENERAL  STURGIS: 

1  Incl.  /s/  William  J.  Hew 

Cy  ProJ  Card  /t/  WILLIAM  J.  NEW 

NY  S^^O-Oaa  ^  Acting  Chief 

Engr  Res  &  Devclopcnent  Division 


APPSSBIXV 


BACKCSOUNO 


EN(2IF  (8-07-06-105)  22  DeceuSber  195!^ 

SIBJBCT:  Emergency  Shelters  -  Suggested  Joint  Anny-Navy  Action 


TO;  Comnianding  Officer 

Engineer  Research  and  Development  Laboratories 
Foi't  Beivolr,  Virginia 


1,  References; 

a.  Copy  of  Ist  Indorsement  from  OCE  to  Chief,  Bureau'  of 
tards  and  Docks,  subject  as  above ,  23  Kovember  195^  (inclosure  1) . 

b .  Copy  letter  f^m  Chiol',  Bureau  of  Yards  and  Docks, 
subject;  "Project  NY  3U0-032  -  E&asrgency  Shelters  -  Accomplishaeat 
by  Integration  into  Arsy  Research  and  Develoj^nt  in  Field  Fortifi¬ 
cations, **  dated  9  December  195*»  (Xaclosurc  2). 

a.  On  9  Sfovembcr  1951^,  a  preliminary  conference  was  held  at 
OCE  between  representatives  of  the  Navy  Department  and  OOS  (Engineer 
Research  &  Developoent  Division)  regarding  the  feBolbility  of  an 
Artsy  agency  perfomlng  research  for  the  Navy  in  the  field  of  "Ur¬ 
gency  Shelters".  As  a  result  of  the  dlscupolon,  an  outline  of  the 
present  program  In  Field  Fortifications,  along  with  a  request  tor 
■ore  specific  information,  was  forjarded  to  the  Havy  Department 
(Inclosure  l) . 

3,  By  letter  of  9  December  195^  (Inolosm'e  2),  the  Navy  De- 
partaent  has  given  the  available  additional  Inforraation,  along  with 
the  expected  availability  of  funds. 

h.  It  is  desired  that  the  Information  contained  in  the  two 
incloBurco  be  reviewed  and  a  proposal  submitted  to  this  office  indi¬ 
cating; 


a.  Plan  for  Integrating  this  additional  work  Into  the 
present  program. 

b.  Utilisation  of  funds  from  the  Navy. 

c.  /hiy  adverse  effect  on  present  program  due  to  the  addi¬ 
tional  work  load* 


AnA  vhAn 


kte  aa  to  witat  the  Bavy  oay  e^q^ct  floar  Itetr 
hey  may  e:qgect  lt» 


5.  La  view  of  the  desire  to  utilize  FJf  55  funds,  available 
from  the  Havy  Department,  It  is  requested  that  this  office  he  advised 
as  to  when  the  above  information  may  he  expected  and  of  any  require¬ 
ment  for  a  further  meeting  with  Navy  Department  representatives  prior 
to  the  xesolution  of  the  prohlem. 

BY  COMMAND  OF  MAJ®  GENERAL  SLniRGIS; 


2  Inolst 

1^  Cy  lot  Xnd  to  Ch, 
B'jDocks,  23  Nov 
2.  Cy  Itr  fta  BuDocks, 
9  Dec  5** 


/s/  C.  T.  Newton 
/t/  C.  T.  NEWTON 

Colonel,  Corps  of  Engineers 
Chief,  Engr  Res  &  Development  Dlv. 
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^PECRD  M) 

8-07-o6>105  (22  Dec  195^)  l0t  Zhd 

SUBJECTf  :  Emergency  Shelters  -  SxJggested  Joint  Ajray-Navy  Action 

Engineer  Research  and  Development  Laboratories,  Corps  of  Engineers, 

U.  S.  Arny,  Fort  Belvo'r,  Virginia 

17  J-an  1955 

TO;  Chief  of  Engineers,  Department  of  the  Amy,  Washington  25,  D,  C., 
EHONP 

•.„»  1.  Reference  is  made  to  a  conference  iji  the  Office  of  the 

Chief,  Field  Engineering  Branch,  Engineer  Research  emd  Development 
Division,  Office,  Chief  of  Engineers,  on  11  January  1955,  attended 
by; 

Mr.  W.  F.  Woollard,  Field  Engineering  Branch,  Engineer 

Research  and  Development  Division,  OCE. 

Lt.  Col.  F.  D.  McGinnis,  Field  Engineering  Branch,  ER&D 

Div.,  OCE. 

Commander  A,  B.  Chilton,  Jr.,  Research  Division,  Bureau  of 

Yards  and  Docks,  Navy  Department 

♦  Mr.  J.  W.  Terrill,  Passive  Defense  Branch,  Bureau  of  Yards 

and  Docks,  Kavy  Department. 

Mr.  J,  P.  Roysdon,  Engineer  Research  and  Development 
Laboratories . 

Mr.  R.  M.  Flynn,  Engineer  Reee.arch  and  Development 
.  Laboratories, 

2.  The  conference  was  called  for  the  purpose  of  dlscuABing 
requirements  of  shelters  for  the  Navy,  conditions  under  which  they 
would  be  constructed,  materials  available  for  construction,  ajid  the 
relation  of  the  requirements  of  the  Navy  to  present  work  on  field 
fortifications.  It  developed  that  whereas  ERDL  is  now  directing  all 
*  efforts  toward  the  development  of  fighting  emplacements  with  plans 

to  explore  the  subject  of  shelters  in  the  future,  the  Navy  Depart«^at 
is  interested  exclusively  In  shelters  pjrid  desires  that  at  least  a 
I  token  effort  be  started  on  this  subject  .|Unmedlat»i.ly.  It  was  agreed 

by  all  present  that  the  sum  of  $30>COO.OO  which  the  Navy  DepartaKjnt 
proposed  to  contribute,  would  not  be  sufficient  to  support  m.y  ape* 
clf.tc  experimentation,  but  that  it  could  be  used  to  mutual  advantage 
in  the  exurent  pj-ogram  on  fortificitlons  and  that,  with  this  money, 
voi*k  could  be  stojted  this  year  ard  completed  by  the  end  of  I956  on 
collecting  and  compiling  inl'crm&t'ion  pertinent  to  the  design  of  ahel* 

.  ters.  It  W8.S  agreed  that  such  a  ctvidy  would  cover  only  Information 

,  which  may  now  exist  in  scattered  places  otxd  wovild  not  require  the 

development  of  new  information.  On  this  basis  it  was  J’idged  that 
the  only  real  difference  between  the  desires  of  the  Navy  Department 
and  the  ERDL  program  was  one  of  timing,  and  that  the  proposed  study 
could  be  started  ioaeilatcly  wl  .hout  ceriously  dislocating  oun'ent 
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plans.  Commander  Chilton,  enijliaslzed.  tiiat  the  Bavy  Departmeat  waa 
especially  interested  in  factors  related  to  defense  against  atonic 
weapons,  particularly  defense  against  the  effects  of  radioactive 
"fall-out". 

3.  The  information  contained  in  the  inclosures  has  heen  re¬ 
viewed  as  requested  and  a  proposal  is  submitted  herein  covering  the 
four  points  listed  in  paragraph  4  of  the  basic  letter. 

a.  Plan  for  integrating  this  additional  work.  inU)  the 
present  program.  The  proposed  study  represents  work  that  was  sched¬ 
uled  for  initiation  in  FY  56,  but  it  will  now  be  started  immediately. 
The  work  will  be  a  paper  stu^'  only  and  consist  of  the  Investigation, 
compilation  and  euialysis  of  currently  available  data  that  may  have 
pertinent  relation  to  the  construction  and  use  of  personnel  shelters. 
No  actxial  construction,  tests  or  new  work,  other  than  a  paper  study, 
will  be  undertaken.  Much  of  the  material  to  be  included  in  the  study 
will  be  drawn  from  the  results  of  current  experiments  with  fighting 
emplacements,  but  only  where  they  may  be  directly  ap]^led  to  shelters 
for  personnel  protection.  Consideration  will  be  given  to  the  various 
probable  physical,  operational  suad  tactical  conditions  that  mi^t  be 
encountered.  The  work  that  will  be  accon^pllshed  throrigh  this  Joint 
Army -Navy  action  will  be  generally  esaentieil  to  the  field  fortifica¬ 
tions  project  end  in  any  event  would  have  been  eventually  undertaken 
under  present  project  plane. 

h.  Utilization  of  Funds  from  the  Navy.  Funds  will  be 
utilized  for  salaries  of  personnel  engaged  directly  in  the  proposed 
study,  for  the  procurement  of  materials  and  supplies,  and  in  payment  ■ 
for  internal  services  in  support  of  those  portlcna  of  the  expert-  , 
mental  work  on  fighting  emplacomenta  which  may  produce  iuformatloa 
directly  applicable  to  shelters. 

c*  Adverse  effect  on  present  program.  By  initiating  the 
study  on  shelters  this  fiscal  year.  Instead  of  next,  it  will  be  neces¬ 
sary  oithex-  to  defer  planned  work  on  the  study  of  engineering  materi¬ 
als  for  erapbacements  or  to  hire  additional  personnel  so  that  both 
studies  con  be  carried  out  at  the  same  time.  TIm  decision  as  to 
which  course  to  follow  will  be  made  locally. 

Bottroate  as  to  what  the  Navy  may  expect  for  their 
Investment  and  when  they  may  expect  it.  A  serai -annual  letter  repo  it, 
plus  a  final  letter  report,  will  be  submitted  to  the  Navy.  During 
the  first  six  raontlxs  of  work,  preliminary  gathering  of  available  data 
only  will  be  accomplished.  Thereafter,  beoldee  the  continued  gather¬ 
ing  of  data,  its  compilation  in  proper  form  and  categories  end  Its 
analysis  will  be  undertaken.  In  the  final  compilation  presenta¬ 
tion  of  the  data,  an  effort  will  be  made  to  have  it  la  such  a  form 
that  it  will  be  readily  useable  in  various  tactical  situations  for 
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13ie  constrturblon  of  jisrsoDQei  ahelters*  rt  is  expected  -tliat  IMs 
study  will  "be  cospleted  during  19^.  Xt  la  eopiEiasized  tliat  'QiC 
vork  and  accoiipllskiBents  will  te  governed  and  limited  by  fbe  under> 
standing  set  out  In  this  Indorsement. 

In  consideration  of  tbe  Investigation  to  be  performed  by 
SRDL,  the  Navy  Department  will  advance  funds  immediately  in  the 
amoimt  of  $15#000.00  for  use  in  fiscal  years  1955  an^  1956,  and 
when  and  If  available  will  advance  an  additional  sum  of  ^15,000.00 
in  fiscal  year  1956  for  use  in  fiscal  years  I956  and  57. 

5.  Form  1080,  In  liie  sum  of  $15,000.00,  partially  to  cover 
work  during  fiscal  year  1955  and  56,  Is  Inclosed  herewith  for  s\ib- 
mittal  to  the  ’Sariy  Depeurtmeut. 

FOR  THE  COMMAliDIHG  OEPICmj 


3  Incls 
1  -  2  n/c 
Added  1  Incl 
3.  Form  1080  (quin.) 


\ 


/of  C.  P.  Joyce,  Jr. 

/t/  C.  P.  JCliyCB,  JR. 

Colonel,  CS 

Chief,  Military  Engineering 
Department 
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Tin£  Emergency  Personnel  Shelters  (U) 

DATE  OF  REPORT  1?  Nov  58  PROJECT  8-07-10-420  CLASSIFICATION  Confld 
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Commander,  Wright  Air  Dev  Ctr  R-1 
Wright -Patterson  Air  Force  Base 
Dayton,  Ohio 

Commanding  Officer,  R-1 

U.  S,  Naval  School  CoBxnand 
U.  S.  Naval  Station 
Treasure  Island 
San  Franclaoo,  Calif. 


Chief  of  Engineere  -.j  - 
Dept  of  tie  Aacay 
WRehlogtott  25,  C. 
E11(ZB 
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